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PR  EFFACE. 


In  the  preparatipn  ofthijs  book  it.h?i3  been  the.? aim  of 
its  publishers  to,  place  b^fpj-e  merchants,  .  roan;uf actui;er«s 
and  underwriters,  as  succinctly,, and. cony enioitly  «s.\pos- 
sible,  the  knowledge  necessary  to  ttt6*  most ;  thorough  :pro- 
tection  •  f rom  fire  and  its  consequent  dartger^  trouble  i  and 
loss;  in  addition  it  as  believed  that,  it  wijl  be  oif.gr^at  value 
to  fire  departmients,  .as  in  no  other  bpdk  ar0  the  various 
protective  features  to  b^,  found 'sa  coft>ple>tely* .  a^t  forth. 
There  are.  marvy  methods  by  which  the  physical  Hazard  of 
mercantile  and  manufacturing  e^tablishmferits  ...may  be  so 
improved  as  to  materially  lessen  the  liability  to  fire,  and 
also  to  command  considerable  reductions  in  premium  rates 
for  insurance.  The  latter  consideration  will  appeal  strongly 
to  those  who  have  been  accustomed  to  ^xercising  the  utmost 
care  in  the  preservation  of  their  property  in  ordinary  ways, 
but  who  would  not  care  to  go  to  the  expense  necessary  to 
the  fullest  protection  without  the  practical  recognition  of 
their  effort  and  outlay  in  the  form  of  a  lessened  expense 
for  premiums. 

The  plan  of  this  work  includes  the  presentation  of  refer- 
ences to  the  various  materials  and  devices  which  have  been 
found  useful  in  preventing  or  extinguishing  fires,  accom- 
panied by  such  information  as  will  enable  a  property  owner 
to  be  guided  in  the  use  of  approved  appliances  and  mate- 
rials. It  covers  all  suggested  regulations  of  the  National 
Board  of  Fire  Underwriters  and  its  allied  organizations, 
concerning  the  matters  treated  in  this  book. 

Embodied  in  this  work  will  be  found  a  considerable 
amount  of  miscellaneous  information,  all  tending  to  give  a 
clearer  understanding  of  matters  connected  with  the  pre- 
vention and  extinguishment  of  fire.     Digitized  by  GooqIc 
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iv  Preface 

Little  of  the  text  of  this  book  can  be  claimed  as  being 
strictly  original,  as  the  subjects  treated  have  received  ex- 
acting study  by  the  various  organizations  from  whose 
reports  and  regulations  they  have  been  compiled.  In  par- 
ticular, credit  is  given  to  the  National  Board  of  Fire 
Underwriters  for  the  use  of  authoritative  cuts  and  per- 
mission to  reprint  various  articles  and  regulations,  with 
especial  feference  to  the  copyrighted  pamphlet  on  Fire 
Engine  TesU  and  Fire  Stream  Tables,  and  the  suggestions 
contained  in  the  Building  Code, 

In  the  hope  that  its  contents  will  assist  in  producing  a 
reduction  of  the  annual  fire  loss,  thereby  benefiting  both 
those  who  buy  and  those  who  sell  insurance,  this  book  is 
respectfully  submitted  to  the  public. 

The  Spectator  Company. 

New  York,  September  i,  1916. 
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ORGANIZED  FIRE  PREVENTION 

Chief  Fire  Causes. — Fire  insurance  companies  have  realized  for 
many  years  that  most  of  the  fires  are  caused  by  improperly  in- 
stalled appliances  or  wrongful  use  of  materials,  and  that  the 
seriousness  of  fires  is  often  due  to  faulty  construction,  which  per- 
mits an  early  collapse  of  a  building  or  the  rapid  spread  from  one 
floor  to  another  or  to  adjoining  buildings. 

Fire  Prevention  a  Duty. — Primarily  it  is  the  duty  of  the  indi- 
vidual or  the  State  to  provide  the  regulations  necessary  to  prevent 
such  occurrences  and  only  the  business  of  the  insurance  company 
to  indemnify  the  owner,  and  to  charge  a  sufficiently  high  premium 
for  each  class  of  business  to  cover  the  loss  and  pay  a  moderate 
return  on  the  company's  capital. 

Even  in  the  early  days  of  fire  insurance  the  Companies  realized 
that  to  reduce  the  gamble,  by  reducing  the  probability  of  fires,  a 
greater  net  profit  would  be  obtained  during  a  long  period  of  time. 
The  companies  have  for  years,  in  line  with  this  policy,  maintained 
men  who  made  a  special  study  of  prevention  of  fires  and  who  would 
give  advice  to  prospective  customers. 

Confusing  Advice. — With  the  expanding  of  American  indus- 
tries, plants  became  too  large  for  one  or  ^  two  companies  to  under- 
write the  entire  risk  involved,  and  other  companies  would  be  called 
upon  to  take  their  share.  This  resulted  in  each  company  advising 
the  owners  as  to  the  best  means  of  protection  and  prevention, 
with  great  confusion  when  attempts  were  made  to  carry  out  the 
various  requirements,  as  each  engineer  had  his  own  idea  as  to 
what  was  best. 

Organized  Effort. — ^To  offset  this,  various  committees  of  inter- 
ested insurance  officers  have  been  organized  from  time  to  time  to 
formulate  suggestions  and  regulations ;  at  the  present  time,  as  a 
result  of  this,  two  organizations  are  in  existence  primarily  for 
this  purpose.  One  of  those  is  the  National  Board  of  Fire  Undei;- 
writers  and  the  other  is  the  National  Fire  Protection  Association. 

National  Board  of  Fire  Underwriters.-— The  National  Board 
of  Fire  Underwriters  is  an  organization  of  practically  all  of  the 
stock  fire  insurance  companies;  it  operates  through  committees, 
on  which  are  executive  officers  of  the  company  members,  and  has 
an  office,  under  the  supervision  of  a  general  manager,  'at  76  William 
Street,  New  York.  Of  the  various  jcommittees,  the  following,  are 
the  more  important:    The  Committee  ott  Fire  Prevention,  which, 


2   *  Fire  Prevention:  and  Protection 

through  a  corps  of  trained  engineers,  investigates  and  reports  on 
the  general  features  of  fire  protection  and  conflagration  hazard  of 
cities ;  the  Committee  ofi  Laws,  which  keeps  the  companies  informed 
of  legislation  affecting  them,  and  through  publicity  strives  to  pre- 
vent unfair  requirements  being  enacted ; '  the  Committee  on  Build- 
ing Construction,  under  whose,  guidance  a  model  buiiding  cqde 
has  been  drawn  up  and  efforts  made  ta  get  the  yarjous  cities  to 
adopt  it;  the  Acturial  Committee,  which  has  recently  started  a 
cpmpilation  pf  all  fire  losses  in  'the  United  States,  and  the  Com- 
mittee on  Lighting,  Heating  and  Patents,  which  supervises  the 
issuing  of  suggested  regulations  covering  various,  appliances  .and 
features,  of  construction. 

kegulations  Issued  by  the  National  Board  of  Fire  Underwriters. 

Aqetyl^ne  Gas  Machines  and,  Oxy-Acetylene  Heating  and  Welding. 

Blower  Systems.  ... 

Cans — Waste  and  Ash.     (Out  of  print.) 

Chemical  Fire  E>ttinguisjliers..     (Out  of  pript) 

Coal  Gas  Producers.     (See  Internal  Combustion  Engines.) 

Code — B^ilding. 

Code — Electrical. 

Code — Electrical  Fittings. 

Containers  for  Hazardous  Liquids. 

Dip  Tanks.; 

Doors,  Fire.     (See  Protection  of  Openings.)  ^ 

Fire  Alarm  Systems — Munipipal.  -. 

Fire  Brigades — Private.  . 

pir^  Doors.     (See  Protection  of  .Openings.) 

Fire  Pails.     (Out  of  print.) 

Fu^l  Oil— Storage  ^d  Hajtidling. 

Gasolene  Stoves.     (Out  of  print.) 

Gasolene  Vapor  Gas  Lighting  Machines. 

Qas  Shut-oflf  Valyes. 

Grain  Dryers.     (Out  of  print); 

Hose  Couplings  and  Hydrant  Fittings. 

Hose  Houses  for  Mill  Yard  Use. 

Hose — Unlined  Linen.    Out  of  print 

Hydrants — Mill  Yard.     (Being  revised.) 

Internal  Combustion  Engines  and  Coal.  Gas;  Producers. 

Kerosene  Oil  Pressure  3ystem.     (Out  pf,  print). 

Lightning — Protection  Against. 

Mill  Construction.     (Out  of  print) 

Note,— Regulations  deab'ng.  jvith  th4 .  construction  of  sppliftnccs  are  no 
longer  issued  by  the  National  Board  of  Fire  Underwriters,  out  can  be 
^M^locd  >lry  im/eroated  manufactureod  from,  the- Underwf iters'  Laboratories. 
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Motion  Picture  Films — Storage  and  Handling. 

Oil  Rooms.     (Out  of  print.) 

Oxy-Acetylene.     (See  Acetylene  Gas  Machines.) 

Protection  of  Openings  in  Walls  and  Partitions. 

Pumps — Centrifugal — Rotary — Electric. 

Pumps — Steam.  ^ 

Pumps — Steam  Governors. 

Railway  Car  Storage.  :  • 

Signaling  Systems.     (Being  revised.) 

Skylights. 

Sprinkler  Equipments. 

Tanks — Gravity  and  Pressure. 

Valves  and  Indicator  Posts. 

Vaults. 

Walls  and  Partitions-r-Frotection  of  Openings  in.  . 

Windows — Fire.     (See  Protection  of  Openings.) 

Wired  Glass.     (Out  of  print — See  Protection  of  Openings.) 

List  of  Suggested  State  Laws  and  City  Ordinances 
issued  by  the  National  Bqard  of  Fire  Underwriters. 

For  use  by.  State  and  City  Officials  in  framing 

regulations  on  matters  pertaining  to  Fire  Prevention 

State  Laws 

To  Regulate  th^  Manufacture,  Storage,  Sale  and  Distribution  of 
Matches. 

To  Regulate  the  Transportation  and  Carriage  of  Explosives. 

To  Regulate  the  Manufacture,  Storage,  Sale  and  Use  of  Explo- 
sives. 

To  Establish  the  Office  of  St?kte  Fire  Marshal. 

City  Ordinances 

To  Regulate  the  Installation,  Operation  and  Maintenance  of  Mo- 
tion Picture  Machines,  and  the  Construction  and  Arrangement  of 
Picture  Machine  Booths  and  Audience  Rooms. 

To  provide  for  the  Inspection  of  Premises  by  the  Fire  Department, 
accompanied  by  a  blank  form  for  use  by  the  inspector. 

To  RegulaJte  the  Manufacture,  Storage,  Sale  and  Distribution  of 
Matches. 

To  Regulate  the  Manufacture,  Keeping,  Storage,  Sale,  Use  and 
^Transportation  of  Explosives,  in  Cities  whose  population  exceeds 
100,000  inhabitants. 

To  Regulate  the  Manufacture,  Keeping,  Storage,  Sale,  Use  and 
Transportation  of  Explosives,  in  Villages  or  in  Cities  whose  popu- 
lation does  not  exceed  100,000  inhabitants.  Digitized  by  CjOOQIc 


4  Fire  Prevention  and  Protection 

To  Prohibit  the  Discharge  or  Firing  of  Fireworks. 

To  Regulate  the  Use,  Sale  and  Storage  of  Fireworks. 
.To  Govern  the  Construction  and  Operation  of  Laundries. 

To  Regulate  the  Construction  and  Equipment  of  Theatres. 

To  Regulate  the  Use,  Handling,  Storage  and  Sale  of  Inflammable 
Liquids  and  the  Products  Thereof. 

A  Code  of  Abbreviated  Ordinances  for  use  of  Small  Municipali- 
ties, and  containing  under  one  cover,  ordinances  providing  for  Fire 
Limits,  and  the  Construction  and  Equipment  of  Buildings;  The 
Regulation  of  Automobile  Garages;  The  Regulation  of  the  Equip- 
ment and  Operation  of  Picture  Machines  and  Premises  wherein  the 
same  are  operated ;  The  Inspection  of  Premises  by  the  Fire  Depart- 
ment; the  Cleanliness^  of  Streets,  Alleys  and  Premises;  The  Burn- 
ing of  Refuse ;  The  Storage  of  Explosives ;  Fire  Escapes,  and  Pro- 
hibiting the  Discharge  or  Firing  of  Fireworks. 

A  Model  Building  Code,  covering  all  features  of  building  con- 
struction, including  Theatres  and  Tenement  Houses. 

National  Fire  Protection  Association. — Cooperating  with  the 
Nationar  Board  of  Fire  Underwriters  is  the  National  Fire  Pro- 
tection Association.  This  association  originally  included  only  those 
organizations  and  societies  interested  in  underwriting,  but  in  latter 
years  its  membership  has  broadened  to  include  all  institutions, 
societies,  associations,  departments  and  bureaus  interested  in  the 
protection  of  life  and  property  against  loss  by  fire,  with  associate 
membership  for  any  individual  paying  dues.  This  association  has 
two  functions,  to  educate  the  people  as  to  the  economic  advantage 
in  preventing  fires  and  to  formulate  suggested  requirements  as 
to  the  best  means  of  accomplishing  this  and  of  the  proper  ex- 
tinguishing appliances  necessary. 

Personal  Responsibility  for  Pire  Loss. — In  a  pamphlet  dated 
March,    1914,   the   National   Fire   Protecfion   Association   issued    a- 
suggested-bill  for  adoption  by  State  legislatures,  reading  as  follows : 

Suggested  Bill  to  Fix   Personal  Liability  for  Fires   Due  to 
Carelessness  or  Neglect 

StcTiON  I.  Any  persen,  persons  or  corporation  for  any  fire  caused  by, 
resulting  from,  or  spreading  by  reason  of  the  negligence  of  such  person, 
persons  or  corporation  or  the  non-compliance  with  any  law  or  ordinance 
or  lawful  regulation  or  requirement  of  or  by  any  state  or  municipal  authority, 
shall  be  liable:  (i)  for  all  loss,  expense  or  damage  caused  by  or  resulting 
from  such  negligence  or  non-compliance;  and-  (2)  for  any  expense  incurred 
by  any  municipal  or  other  governmental  agency  in  extinguishing  or  attempting 
to  extinguish  any  fire  so  caused,  resulting  or  spreading. 

Section  2.  In  all  actions  against  any  person,,  company  or  corporation  for 
the  recovery  of  damages  on  account  of  any  loss  or  iiyA'XJfh)^^,  property. 
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real  or  personal,  occasioned  by  fire  communicated  from  property  Qwqed  by- 
one  party  to  property  owned  by  another  party,  the  fact  that  such  fire  was 
so  communicated  shall  be  sufiicient  evidence  to  charge  the  occupant  of  the 
property  In  which  the  fire  originated  with  negligence,  and  place  the  burden 
of  proof  upon  him. 

In  connection  with  the  above,  Charles  E.  Meek,  then  president  of 
the  National  Association  of  Credit  Men,  said: 

The  American  fire  loss  in  1914  amounted  to  nearly  $236,000,000,  the  largest 
in  the  history  of  the  country,  with  three  exceptions,  namely,  1908,  the 
year  of  .  the  Chelsea  fire,  1906,  when  San  Francisco  was  destroyed,  and 
1904,  when  Baltimore  suffered.  Compare  these  figures  with  those  showing 
the  loss  through  business  failures  and  you  will  begin  to  appreciate  the  fact 
that  the  fire  loss  was  nearly  as  much  as,  If  not  moro  than,  that  caused 
through  commercial  disasters,  this  for  the  reason  that  there  is  a  considerable 
amount  of  salvage  tp  be  secuz;ed  from  the  assets  of  those  who  fail,  while 
the  figures  setting  forth  the  fire  loss  show  the  amount  actually  destroyed. 
There  was  only  one  conflagration  during  19 14,  representing  a  loss  of  about 
$13,000,000,  the  balance  of  the  loss  being  distributed  pretty  equally  through- 
out the  country,  which  bears  striking  testimony  to  the  carelessness  pf  the 
American  people,  because  it  is  a  well-known  fact  that  a  great  majority  of 
the  fires  could  be  prevented  were  proper  ca^e  exercised  And  don't  foi^et 
.  that  a  great  many  lives  aie  sacrificed  annually  through  fire,  whereas  business 
fatalities  result  only  in  the  loss,  of  dollars  and  cents.  I  read  a  few  days  ago 
that  in  one  city  over  one  hundred  and  sixty-eight  lives  were  lost  during  the 
year   through  fird  „. 

The  question  which  now  naturally  arises  is:  What  can  be  done  to  reduce 
the  annual  fire  and  bad  debt  losses?  Regarding  the  first,  until  some  severe 
penalty  is  laid  upon  those  whose  carelessness  is  the  cause  of  fire  damage 
to  the  property  of  their  neighbors,  there  will  be  n6  reduction  In  the  size 
of  our  annual  bonfire.  It  is  welcome  news  to  hear  that  the  National  Fire 
Protection  Association  has  drafted  a  bill  which  will  be  introduced  into  the 
legislature  in  every  state,  and  which,  if  enacted,  will  penalize  the  individual 
whose  carelessness  has  damaged  the  property  of  others.  The  members  of  th6 
National  Association  of  Credit  Men  can,  as  individuals,  aid  materially  in 
reducing  the  fire  loss  and  at  the  same  time  set  a  good  example  to  their 
neighbors  through  personally  inspecting  their  places  of  business  and  their 
homes  at  regular  intervals,  for  the  purpose  of  ascertaining  whether  the 
ordinary  precautions  against  fire  are  being  exercised.  You  may  not  know 
it,  but  a  very  large  percenfage  of  all  the  fires  occurring  in  this  country 
originate    in    the    rubbish    heap. 

The  Elimination  of  Fire  Hazards. — To  lessen  this  preventable 
loss  the  first  mentioned  function  of  the  National  Fire  Prevention 
Association,  that  of  preparing  suggested  requirements,  is  of  vital 
importance;  seldom  does  a  property  owner  realize  the  hazard  of 
the  conditions  existing  around  his  plant,  and  even  if  he  appreci- 
ates the  hazard,  he  may  not  know  of  the  best  way  to  abate  it. 
These  regulations,  the  majority  of  which  are  embodied  in  this 
book,  are  prepared  by  .  committees  composed  of  insurance  nien, 
as  well  as  men  in  daily  contact  with  the  conditions  being  discussed, 
are  then  passed  upon  by  the  association  as  a  whole  and  by  v^he 
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executive  committee,  and  are  adopted  and  printed  by  the  National 
Board  of  Fire  Underwriters.  The  following  list  covers  the  sub- 
jects on  which  regulations  have  been  issued,  copies  of  which  can  be 
obtained  from  any  insurance  organization  or  direct  from  the 
National  Board  of  Fire  Underwriters  at  76  William  Street,  New 
York. 

Membership  in  the  National  Fire  Protection  Association,  Which 
entails  an  a-nnual  fee  of  $5.00,  insures  receiving  a  copy  of  all  later 
editions  of  any  regulations  already  issued  and  of  regulations  on 
new  subjects;  it  also  includes  a  quarterly  publication  which  gives 
interesting  articles  dealing  with  fire  prevention  and  protection, 
and  statistics  on*  fires  in  various  classes  of  manufacturing  risks. 
This  association  has  lately  included  in  the  work  of  some  of  its 
committees  the  question  of  safeguarding  life  as  well  as  property. 
For  plant  managers  and  others  interested,  it  is  advised  that  an 
application  for  membership  be  sent  to  the  Secretary  of  the  National 
Fire  Protection  Association  at  87  Milk  Street,  Boston,  Mass. 

Th'c  iJndcrwriters'  Laboratories. — Manager  W.  IJ.  Merrill  has 
prepared  a  description  of  the  purposes  and  work  of  the  Under- 
writers' Laboratories,  much  of  which  is  presented  herewith: 

Underwriters'  Laboratories,  a  corporation  chartered-  November,  1901,  by 
the  State  o{  Illinois,  is  authorized  to  establish  and  maintain  laboratories  for 
the  examination  and  testing  of  appliances  and  devices,  and  to  enter  into 
contracts  with  the  owners  and  manufacturers  of  such  appliances  and  devices 
respecting    the    recommendation    thereof    to    insurance    organizations. 

The  corporation  is  not  in  business  for  profit.  Its  chief  financial  support 
is  received  from  the  National  Board  of  Fire  Underwriters,  under  whose 
general  direction  the  work  is  carried  on.  The  *  members  of  the  Board  of 
Directors  of  the  corporation  are  chosen  from  the  officers  of  the  National 
Board  of  Fire  Underwriters  and  other  organizations  of  Underwriters  from 
which    donations    of    money    are    received. 

The  work  of  Underwriters*  Laboratories^  is  confined  to  investigations  hav- 
ing a  bearing  upon  the  fire  hazard,  and  is  undertaken  as  one  means  of  secur- 
ing correct  solutions  of  many  of  the  problem^  presented  by  the  enormous 
and    disproportionate    destruction    by    fire    of    property    in    the    United    States. 

Opinions  of  Experts. — ^The  object  of  Underwriters*  Laboratories  is  to 
bring  to  the  user  the  one  best  obtainable  opinion  on  the  merits  or  demerits 
of  iippliandes  in  respect  to  the  fire  hazard.  Such  appliances  include  those 
4<esigned  to  aid  in  extinguishing  fires,  such  as  automatic  sprinklers,  pumps, 
hand  fire  appliances,  hose,  hydrants,  nozzles,  valves,  etc.;  materials  and 
devices  designed  to  retard  the  spread  of  fire,  such  as  structural  methods  and 
materials,  fire  doors  and  shutters,  fire  windows,  etc. ;  and  machines  and  fittings 
Which  may  be  instrumental  in  causing  a  fire,  such  as  gas  and  oil  appliances, 
electrical  fittings,  chemicals  and  the  various  machines  and  appurtenances  used 
in    lighting  and   heating. 

The  Laboratories*  Plant. — The  principal  offices  and  testing  station  of 
Underwriters*  Laboratories,  Inc.,  are  located  at  207  East  Ohio  St,  Chicago. 
Branch  offices  afe  located  in  thirty-two  other  cities  of  the  United  States  and 
Canada.     The   New  York  office  is  equipped  for  the  conduct  of  examinations 
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and  ieatSi  of  all  electrical  devices  under  the  same  "cotklitions  as  those  afforded 
«t  the  priticfpal  office  and  testinfr  station  in  Chicago,  the  Chicago ,  plant 
occupies  a  tbce^*story  -and  basement*  building  of  fireproof  construction  .f^onr 
taaning  soseethiiig  over  45,000  square  feet  of  fl,oor  space,  with  a  frqntage  of 
two  hundred  and  sixty-six  feet.  Yard  space  is  provided  for  huts  and  large 
testing  furnaces.  The  main  building  in  Chicago  is,  perhaps,  the  best  example 
in  America  of-  absolutely  fireproof  construction  furnished  with  fireproof  finish 
and  equipment.  Brick,  terra-  cotta,  concrete,  stone,  steel  and  iron,  are  used 
exclusively  in  the  structural  features.  The  window  frames  arid  sash  are  of 
metal  with  wired  glass,  the  doors  are  of  metal,  the  desks  and  filing  cases  ih 
the  main  office  are  of  steel,  &nd  even  some  of  the  picture  frames  affe  of 
the  same  material.  No  wood  or  other  combustible  material  is  used  in  any 
portion  of  the  finish.  In  addition;  the  platit  is  equipped  with  automatic  sprmk- 
lers,  and  the  lighting  and  hedthig  hazards  are  safeguarded  with  every  known 
precaution  applicable  to  their  installation  in  buildings  oC  frame  construction. 
In  this  model  building  the  Underwriters  have  •f^ne  to  the  extreme  in  adopt- 
ing in  their  own<  property  all  the  measures .  they  are  known  to  recommend 
in  the  property  of  others.  Eighty-three  pti'sons  are  employed  in  the  Chicago 
plant,   which,   with   its   equipment,   has   a  value   of   approximately   $175,000.00, 

Tests. — The  specifications  under  which  the  experimental  work  is  carried  on 
are  based  upon  the  Rules,  and  Requirements  of  the  National  Board  of  Fire 
Underwriters  as  recommended  by  the  National  Fire  Protection  Association. 
The  technical  work  at  the  Laboratories  and  the  promulgation  of  the  findings 
in  the  Laboratories*  report^  are  under  the  stipervision  of  the  Council  of 
Underwriters*    Laboratories. 

Reports  U*on  Tests. — Summaries  of  the  Laboratories'  reports  are  promul- 
gated on  |>rinted  cards  filed  according  to  classifications,  stid  cabinets  con- 
taining these  cards  are  maintained  at  the  offices  of  the  principal  Boards  of 
Underwriters  and  Inspection,  Bureaus  in  the  United  States,  at  many  of  the 
general  offices  of  insurance  companies,  by  some  insurance  firms,  certain 
municipal  departments,  an4  at  the  local  offices  of  the  Lanoratories  in  larger 
cities.  Much  of  the  information  is  also  freely  distributed  1}y  means  of  lists 
of  manufacturers  of  inspected  appliances  promulgated  by  the  Laboratories, 
and  the  results  of  the  work  in  many  claisses  of  appliances  are  furnished 
directly  to  building  owners,  architects,  users  and  all  other  persons  interested, 
by  means  of  the  Laboratories'  Label  service.  Under  which  goods  are  Inspected 
at  factories  by  Laboratories'  engineers  and  stamps  or  labels  attached  to  such 
portion  of  the  output  as  is  found  constructed  in  accordance  with  standard 
requirements.  •    ;  > " 

The  aim  of  the  founders  of  Underwriters'  Laboratories  to  secure  the  best 
and  fairest  opinion  regarding  the  merits  or  demerits  Of  every  device,  systefm 
Qt  m&ttirial  having  a  bearing  upon  the  fire  hazard,  and  to  have  the  work 
so  conducted'  and  reviewed  as  to  '  secure  accuracy  and  uniformity  in  its 
fi^ndiftgs,  has  been  accomplished  to  such  an  extent  that  the  majority  of  fire 
Underwriters  in  the  United  States,  many  municipal  authorities,  and  a  large 
nunvber  of  'architects,  building  owners  and  usiers  thher  accept  or  require  a 
report  from  these  Laboratories  incident  to  their  recognition  of  devices, 
systems-  and  materials  having  ft'  bearing  upon'  the   fire  hazard. 

Underwriters'  laboratories,  Inc.,  however,  issues  no  gtiarantee  that  its 
findings  Will  be  accepted  6r  recognized  in  any  case.  Such  assurancels  cah 
only  be  obtained  from  the  authority  having  jnriisdiction. 
*•  PKOPEisTARy  ARTrctfts.— As  manifestly  th*  regular  subscribers  to  the 
Laboratories  cannot  be  called  upon  to  coVe'r  the  expenses  of  tests  made 
of  "ihc  request  of  others;  a  system  has  been  eststblisfaed  wheteby  a  manu- 
faeturer   or  owner '-desirous- of   securing  an   examinatf ozEd  aii«L=ild^^  1%  the 
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Laboratories  '  on  any  particular  device,  ^system  or  material,  is  enabled  .to  ■  dp 
so  by  first  depositing  a  preliminary  fee  as  evidence  of  good  faith,  and  on 
dompletidn  of  the  work  paying  the  balance  of  its  cost  as  shown  by  accurate 
recotd^  thereof,  Mf'hich  are  kept  in  detail.  As  a  warrant  that  an  applicant 
will  not  incur  costs  beyond  his  Expectations,  a  limit  of  escjpense  is  fixed 
in  each  case  beyond  which  charges  are  not  made.  By  this  means  an  oppor* 
tunity  is  afforded  anyone  at  comparatively  low  cost  to^  secure  the  opinion 
of  the  recognized  authorities  covering  any  device,  system  or  materiial  in 
its   relation   to   the   fire   hazard. 

The  amounts  of  the  fees  are  in  proportion  to  the  nature  and  extent  of 
the  work  required  in   examinations  and  tests. 

The  cost  of  experimental  work  is  practically  the  same  in  each  class  of 
device,   whether  samples,  show   superior   or   inferior  qualities. 

The  applicant's  obligation  to  pay  the  charges  is  not,  therefore,  contingent 
upon   the   nature   of   the  opinion   rendered, — whether   favorable   or  otherwise. 

The  schedule  of  charges  found  necessary  in  the  different  branches  of  thi 
work  is  arranged  •  by  groups  as  follows :      . 

Amount  of  .    Total  cost  to  Applicant 

Preliminary  Fee  not  to  exceed  ' 

Group  A... $100.00  $250.00 

"       B ........»..'...           50.60  100.00 

?     .        ,     "       C.f... 25.90  7S'00 

",      D 10.00  50.00 

*'     'E ; 5.00  25.00' 

"Group  F.-^Under  this  group  is  classified,  experimental  w:ork  and  researches 
covering  Subjects  or  appliances  for  which  standard  requirements  are  not 
adopted.  The  amount  of  the-  preliminary  fee  is  $100  and  bilb  are  rendered 
monthly  as  the  work  proceeds.  , 

.  Wherever  approvals  are  granted,  on  the  more  common  classes  of  devices, 
the  names  of  the  manufsicturers  thereof  are  placed  in  printed  lists,  distributed 
freely  by  the  Underwriters'  Laboratories,  and  in  many  classes  the  devices  .are 
labeled.  !Many  of  the  leading  organizations  and  authorities  are  at  the  (present 
time  using  these  lists  or  recogni2ing  the.  labels  ad  the  basis  of  their  recommen- 
dations or  requirements. 

Whenever  approvals  of  appliances  or  materials  are  ready  to  issue,  the 
favorable  opinion,;  promulgated  ad  above  described,  is  followed  up  by  on^ 
of  three  forms  of  supervision  over  goods  marketed  under  the  approvals. 

Re-Examination  Service. — The  oldest  of  these  three  forms  is  the 
RC'Eximtination  Service,  in  which  the  maker  is  under  contract  to  con- 
struct during  the  continutmce  of  the  approval,  appliances  in  exact  duplicate 
of  the  sample  approved,  and  to  pay  certain  fees  annually  (ranging  jusually 
from  five  to  thirty  dollars)^  with  which  the  Laboratories  partially  .defray 
the  costs  of  obtaining  samples  in  the  open  market  or  from  the  manufacturer 
and  of  imaking  examinations  and  tests  of  the  appliance  one  or  more  times 
yearly.  .  Unsatisfactory  features,  if  any  are  fomxd  .  as  a  result  of  the  re- 
examination,  are   corrected   by   the   maker   on   subsequent  products. 

Inspection  SERyicE.-TTThc  second  form  of  supervision  is  the  Inspection 
Service,  which  is  regarded  by  the  Laboratories'  management  as  superior  to 
the  Re-Examination  Service  and  is  applied  so  far  as  possible  wherever  the 
Label  Service,  later,  descrij^ed,  is  not  considered  practicable.  The  Inspection 
Service  includes  regular  and  frequent  examinations  and  tests  of  products  at 
factories  by  Laboratories'  engineer  and  the  correction  by  the  manufacturer 
pi  features  found  not  in  compliance  with  the  standards  of  efficiency  shown 
^y    the    samples    originally    approved,   together    with    supplementary    e:icamill|i- 
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tions  at  the  Laboratories  of  samples  pui:chased  in  the  open  market  or  re- 
ceived from  inspectors  and  users,  thus  affording  counter-checks  on  the 
factory  inspection  work  and  determinations  of  the  service  value  of  the 
product. 

Ihe  cost  of  the  inspection  service  is  billed  monthly  in  each  case  to 
manufacturers  co-operating." 

The  LABttL  SeRVicB.^^The  third  form  of  supervision  by  the  Laboratories 
is  the  Label  Service.  This  is  regarded  by  the  Laboratories'  management 
as  the  most  efficient  and  satisfactoi^y  of  the  three  methods  and  is  being 
utilized  to  a  greater  extent  each  year.  The  Label  Service  consists  of 
inspections  of  devices  and  materials  at  the  factories  by  Laboratories'  engi- 
neers and.  the  labeling  of  standard  godds  by  stamps,  transfers  or  metal 
labels,  whereby  they  may  be  recognized  wherever  found;  and  in  addition 
of  systematic  supplementary  examinations  and  tests  at  the  Laboratories  of 
samples  of  labeled  goods  purchased  in  the  open  market  or  received  from 
inspectors  and  users,  and  serving  to  counter-check  the  efficiency  of  the 
factory   inspection   work   and   to   determine   the   service   value  of  the   product. 

For  a  number  of  industries  this  service  now  includes  inspection  of  the 
product  at  factories,  check  tests  on  materials  purchased  in  the  open  market, 
service  value  determinations  by  retests  of  samples  which  have  been  in 
practical  use,  and  schedule  estimates  showing  comparative  demerits  noted 
on  products.  These  elaborations  are  working  to  the  decided  advantage  of 
all  concerned,  and  are  all  (Possible  only  under  the  labelling  system. 

Experience  has  shown  that  this  meth6d  is  in  every  way  supetior  for  the 
purpose  of  bringing  to  the  consumer  the  article  he  desires,  for  the  purpose 
of  placing  competition  between  manufacturers  beyond  the  point  Where 
deterioration  in  the  quality  of  the  output  is  made  necessary,  and  for  the 
proper  protection  of  the  Laboratories  and  the  organizations  co-operatingl 
with  them  which  are  given  substantial  recognition  to  efficient  fire  protec- 
tion   appliances. 

It  is  also  shown  that  an  inspection  and  checking  system  of  this  nature 
can  be  efficiently  operated  under  the  Laboratories*  direction  without  calling 
upon  the  manufacturer  to  give  undue  publicity  to  his  manufacturing  process 
or  subjecting  him  to  any  embarrassment  or  annoyance. 

The  cost  of  this  service  is  defrayed  by  charges  made  for  the  labels.  These 
charges  vary  according  to  the  nature  and  extent  of  the  inspection  needed. 
For  goods  which  can  be  tested  by  machinery  or  which  are  machine  made  and 
run  through  factories  in  such  quantities  that  tests  of  a  number  of  samples 
of  each  day's  output  give  a  fair  criterion  of  the  whole  product,  the  charges 
run  from  fifty  cents  ($0.50)  to  one  dollar  and  a  half  ($1.50)  per  thousand 
(1,000)  labels.  For  goods  made  by  hand  and  goods  which  require  inspection 
or  test  of  each  individual  item,  the  charges  run  from  seven  and  one-half 
cents  ($0,071^)  to  fifty  cents  ($0.50)  per  label.  In  no  case  is  the  cost  of 
the  service  as  represented  by  the  charge  for  the  label  sufficient,  to  become 
a  factor  of  importance  in  determining  the  selling  price  of  the  article  labeled. 
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To  the  date  of  issue  of  this  book  the  Underwriters*  Labora- 
tories had  listed  one  or  more  appliances  covered  by  the  follow- 
ing indejE: 

FIRE  APPLIANCES 
Fire  Extinguishing  Apparatus: 

Automatic  Sprinkler  Equipment,  alarm  valves,  automatic  sprink- 
lers, dry  pipe  valves,  guards,  hangers,  unions. 
(For  Sprinkler  Supervisory  Devices,  see  Signaling  Apparatus.) 

Chemical  Extinguishers,  100,  33,  2i  and  IJ  gallons,  1  quart,  and  , 
for  oil  storage. 

Fire  Pails. 

Gate  Valves* 

Hand  Extinguishers,  pail  type,  pails  in  tanks. 

Hose,  rubber  lined.  For  public  or  private  fire  department.  For 
chemical  extinguishers  on  wheels.  For  hand  chemicals.  Un- 
lined  linen.  .    , 

Hose  House  Padlocks,  Hose  Racks,  Hydrants. 

Play  Pipe,  Pumps,  Pump  Governor^ 

Steamer  Connection  Cap.  •  , 

Fire  Retardants: 
Fire  Doors: 

Fire  doors  for  openings  in  fire  walls. 
Tin  clad. 

Sheet  metal — sliding  and  swinging  patterns.  .       ) 

Composite — sliding  and  swinging  patterns. 
Hollow  metal — swinging^  pattern. 
Steel — rolling  pattern. 
Fire  doors  for  openings  in  vertical  shaft. 
Hollow  metal — swinging  pattern. 
Metal  clad — swinging  pattern. 
Composite — ^swinging  pattern. 
Steel — rolling,  counterbalanced  patterns. 
Tin  clad — counterbalanced,  swinging  and  sliding  patterns. 
Fire  doors  for  openings  in  corridor  and  room  partitions. 
Fire  doors  for  openings  to  exterior  fire  escapes. 
Fire  Shutters  for  openings  ih  exterior  walls. 
Frames  for  fire  doors  and  sh\itters. 
Fire  Do6r  and  Shutter  Hardware. 
Door  checks. 
Sliding  type. 
Swinging  type. 

Three-point  locking  mechanisms. 
Fire  Window  Frames. 
Hollow  metal  type. 
Solid  section  type. 
Metal  clad  type. 
Wired  glass. 
Putty. 
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Fire  Appliances  ii 

Fire  Window  Hardware. 

Sash  locks. 

Sash  chains. 
Gypsum  Blocks. 
Paints,  Fire  Retardant. 

Dry  powder  and  liquid  types. 
Partitions. 
Roof  Coverings. 

Built  up  type. 

Prepared  type. 

Shingle  type. 
Shop  and  Office  Furnishings. 

Cabinets,  insulated. 

Driers. 

Safes — ^light  weight. 

Shelving,  bins,  boxes  and  box  trucks,  portable  racks. 

Waste  cans. 
Miscellaneous  Fire  Retardants. 

Automatic  closers. 

Fire  shields  for  belt  openings  in  floors  and  walls. 

Fusible  links. 

Heat  insulating  coverings. 

Lumber. 

Plaster  boards. 

Post  cap  and  girder  supports. 

Wall  hanger. 

Signaling  Apparatus: 
Battery  Sets. 

Bells — see  list  of  electrical  fittings. 
Signaling  Systems,  fire  alarms,  thermostats. 
Local  Manual  Fire  Alarm  Boxes. 
Sprinkler  Supervisory  Devices. 
Watchmen's  Time  Recording  Apparatus,  boxes  for  central  stations, 

local  or  private  system  apparatus,  portable  recorders  and  key 

boxes,  stationary  recorders,  magnetos* 

I 
GAS,  OIL,  MECHANICAL  AND  CHEMICAL  APPLIANCES 

Acetylene  Appliances: 

Generators:    For  lighting;  for  welding  and  cutting. 

Blow  pipes. 
High  Pressure  Cylinders  for  lighting  and  welding. 
I^mps;  Torches:    Reducing  and  regulating  valves. 

Alcohol  Appliances:    Flat  Iron;  Lamp. 

Baling  Presses. 

Cans: 

Safety. 
Waste. 

Car-Heating  System. 

Cellulose  Acetate  Plastic. 

Cleaning  Liquids.  Digitized  by  Google 


12  Fire  Prevention  and  Protection 

Containers  for  Hazardous  Liquids,  Storage  and  Supply  Systems: 

Discharge  Devices,  hand  operated,  outside. 

Discharge  Devices,  hand  operated,  inside. 

Discharge  Devices,  power  operated,  inside. 

Safety  Cans. 

Tanks. 
Underground  storage. 
Stationary,  for  use  in  buildings. 
Portable. 

Shipping  containers. 
Miscellaneous  tanks,  cleaning  and  dip. 

Fittings  for  Hazardous  Liquids. 

Couplings,  gauges,  meters,  unions,  valves. 
Dust  Cloths. 
Fertilizer. 
Films. 

Fire  Works. 
Floor  Brush. 
Floor  Oils. 
Fuel  Kindler. 
Fuel  for  Gasoline  Engines. 
Fuel-Oil  Appliances: 

Engines    Auxiliary  Tank    (for   Engines),    Oil-burning   Equipment, 
Shut-off  and  Drain  Valves,  Vent  for  Oil  Tank. 
fumigators. 
Gas  Appliances: 

Engines,  Heaters,  Mixers,  Producers,  Regulators,  Shut-off  Valves, 
Fittings  for  Shut-off  Valves — Pull  Boxes,  Roller  Elbows. 
Gasoline  Appliances: 

Engines,  Stationary  and  Portable. 

Gas  Machines,  Lighting  Systems,  Vapor  Lamps. 

Gauges  (see  Fittings  for  Hazardous  Liquids). 

Hose. 

Pumps. (see  Discharge  Devices). 

Stoves. 

Strainers. 

Valves  (see  Fittings  for  Hazardous  Liquids). 
Incubators,  Brooders  and  Drinking  Fountains: 

Incubators. 

Brooders. 

Drinking  Fountains. 
Kerosene  Appliances: 

Engines,  Kilns,  Oil  Pressure  Systems. 
Lanterns — ^Watchmen's — Electric,  Kerosene. 
Liquified  Gas  Apparatus. 
Matches. 
Metal  Polish. 
Pitching  Plant. 
Slaked  Lime. 
Soldering  Flux. 
Sweeping  Compounds. 

Trichlorethylene  and  Tetrachlorethane. 
Turpentine  Substitutes. 
Waste  Cans. 

ELECTRICAL 

Fittings,  Wire  and  Appliances  of  All  Kinds.   Digitized  byGoOglc 


HINTS  TO  THE  INSURED 

Below  will  be  found  a  number  of  hints  which  may  prove  useful 
in  the  avoidance  of  fire  loss  or  in  securing  indemnification  there- 
for. 

If  you  hold  a  policy  of  a  company  which  is  not  regularly  licensed 
to  do  business  in  your  State,  read  it  carefully — it  may  differ  vitally 
from  the  ordinary  standard  policy. 

Certain  things  are  specifically  permitted  by  standard  policies ; 
others  are  strictly  prohibited.     When  in  doubt  consult  the  Policy. 

If  the  insured  cancels  his  policy,  the  company  retains  the  usual 
short  time  rate;  if  the  company  cancels,  it  only  retains  a  propor- 
tionate part  of  the  premium.  The  company  must  give  five  days' 
notice  of  cancellation. 

Under  certain  restrictions  kerosene  oil  may  be  used  and.  kept 
for  sale.    See  policy  and  "special  clauses." 

Certain  classes  of  property  are  especially  excluded  from  insur- 
ance unless  written  in  the^  policy  or  form.  Among  these  are  cur- 
rency, deeds,  securities,  pictures,  etc. 

Encumbrances,  changes  in  ownership,  other  insurance  without 
permission,  and  various  other  circumstances  may  void  policy.  Be 
sure  you  have  complied  fully  with  its  requirements. 

Loss  of  rent  or  income  by  reason  of  fire  may  be  insured  against, 
but  is  not  covered  by  the  standard  policy. 

If  you  sustain  a  fire  loss  give  i^imediate  written  notice  to.  the 
companies  interested,  stating  in  round  figures  your  estimate  of  the 
damage.  ; 

The  property  owner  must  use  all  reasonable  eflFort  to  save  and 
preserve  his  insured  property  in  event  of  fire. 

Keep  an :  account  qi  all  expenses  incurred  in  caring  for  saved 
property,  for  later  consideration. 

The '^insurance  company  will  not  take  care  of,  nor  take  posses- 
sion of,  your  premises,  or  of  your  saved  property.  Any  loss 
caused  by  the  insured's  negligence  to  protect  and  care  for  his 
property  at  and  after  a  fire  is  not  covered  by  the  insurance  contract. 

All  the  value  of  the  property  saved  belongs  to  the  insured,  and 
all  of  the  loss  and  loss  expenses  thereon  up  to  the  face  of  the 
policy  belongs  to  the  insurance. 

After  a  fire  it  is  the  owner's  duty  to  separate  the  damaged  from 
the  undamaged  property,  and  to  make  an  inventory  showing  quan- 
tity and  cost  of  each  article,  with  the  amount  of  damage  claimed 
thereon. 

As  the  policy  of  an  insolvent  company  would  be  held  to  con- 
tribute proportionately  in  any  loss,  it  is  advisable  to  cancel  such 
policy  as  soon  as  the  insolvency  of  the  company  is  known. 

Care  should  be  used  to  have  all  policies  read  alike  when  covering 
the  same  property. 
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14  Fire  Prevention  and  PkOTECxioN 

Large  floor  areas  are  discriminated  against  unless  divided  by 
acceptable  fire  walls,  with  openings  properly  protected. 

Rate  reductions  are  made  for  approved  fire  doors  and  shutters. 

Engines  should,  if  possible,  be  located  in  separate  brick  or  stone 
buildihg  at  some  distz^nce  from  factory. 

The  installation  of  automatic  sprinkler  systems  is  encouraged  by 
liberal  concessions  in  premium  rates. 

Fair  allowances  are  made  by  underwriters  to' induce  the  use  of 
such  devices  as  watchmen's  clocks,  chemical  extinguishers,  fire  pails, 
hydrants  and  hose,  wired  glass  windows,  etc. 

Stairways  should  be  built  outside  of  main  building  in  brick  addi- 
tion, cut  off  at  each  floor  by  fire  door.  If  inside  of  building  they 
should  be  enclosed  and  cut  off  by  doors  at  each  floor ;  but  the  spaces 
under  stairways  shotild  be  left  entirely  open. 

Before  adopting  for  use  in  your  factory  or  store  any  new  device 
or  material,  inquire  of  your  local  insurance  agent  whether  its  use 
is  approved  by  insurance  companies;  otherwise  you  may  leaim 
that  your  insuran<:e  has  been  vitiated. 

Use  metal  ash  cans,  and  keep  rags  and  oily  waste  in  metal  cans. 
The  latter  should  be  kept  out  of  doors  ^t  night. 

Be  exceedingly  cautious  with  matches.  Keep. them  in  metal  pr 
other  fireproof  boxes. 

Make  it  one  man's  duty  to  inspect^  thoroughly  and  regularly  all 
apparatus  designed  to  prevent  or  extinguish  fire  or  to  send  in  an 
alarm ;  also  to  see  that  the  pren?ises  are  kept  clean  and  free  from 
anything  which  might  feed  a  fire.  Water  casks  and  pails  should 
be  kept  filled,  sprinklers  and  valves  in  working  order,  gas  jets 
properly  protected,  stoves  and  stovepipes  in  safe  condition,  etc. 

By  havmg  your  boilers  insured  against  damag-e  by  explosion  you 
can  secure  their  regular  inspection. 

Be  especially  careful  m  filling  and  trimming  oil  stoves  and  lamps. 
Do  it  only  by  daylight. 

Steam  pipes  shoujd  be  covered  with  a  suitable  non-conducting 
material.  They  have  been  known  to  cause  fires  when  in  contact 
with  or  too  near  wopdwork. 

Every  large  establishment  should  have  a  well-organized  and  ef- 
fective private  fire  department,  fully  equipped  with  good  apparatus. 

The  division  of  buildings  into  fire  sections  by  brick  walls  run- 
ning up  through  and  above  the  roof  and  cutting  off  cornices,  with 
all  openings  protected  by  automatic  fire  doors  is  highly  approved 
by  underwriters.  This  s^rrangement  tends  to  localize  any  fire  which 
may  occur.  ' 

All  openings  through  walls  and  floors,  such  as  doors,  hatchways 
and  belt-holes,  may  be  protected  by  automatically  closing  doors 
and  shutters,  which  are  of  great  assistance,  iti  event  of  fire  occur- 
ring, in  preventing  its  spread  through  the  building. 

Every  factory  of  any  size  should  be  provided  with  a  fireproof 
oil  room,  for  the  storage  of  illuminating  and  lubricating  oils,  etc. 
This  can  be  constructed  within  the  main  building,  if  necessary,  in 
sueh  a  manner  as  to  materially  lessen  the  fire  ri^k  inherent  in  such 
materials. 

It  is  a  good  plan,  when  a  pliant  is  equipped  with  a  dry-pipe 
automatic  sprinkler  system,  and  is  located  in  a  district  subject  to 
severe  weather  in  winter,  to  protect  the  dry-pipe  valves  by  placing 
them  in  insulated  closets.  .  Digitized  by  GoOglc 
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Where  there  is  danger  o£  an  oil  fire,,  keep  pails  of  sand  at  hand. 
Water  would  help  spread.  s\ich  a  fire,  while  sand  would  qjuench  it 

Skylights  should  be  made  of  wired  glass  or  protected  from 
breakage  by  wire  screens. 

Floor  beams  should  rest  on  ledges  or  in  box  anchors,  in  order 
that,  should  the  floors  fall  during  a  fire,  they  would  not  puU  down 
th^  outside  walls., 

,  Asbestos  and  other  fireproof  materials  are  now  prepaJed  in  every 
conceivable  way;  so  that  an  almost  certain  protection  can  be  se- 
cured against  any  particular  hazard. 

Fireproof  roofing  materials  are  now  plentiful,  and  should  be 
used  wherever  feasible. 

Beware  of  concealed  spaces  in  interior  woodwork.  W'herever 
they  are  necessary,  they  should  contain  frequent  fire  stops;  other- 
wise fire  may  be  carried  through  them  with  great  rapidity. 
.  Walls  and  ceilings  should  be  built,  of  non-inflammable  materials, 
the  use  of  wood  or  wooden  lath  and  plaster  being  discourage  by 
insurance  men. 

All  windows -through  which  fire  could  be  communicated  from  an 
adjoining,  building  or  from  another  wing  of  the  same  building 
should  be  protected  by  automatic  fire  shutters. 

All  fire  doors  and  shutters  should  be  closed  nights,  Sundays  and 
holidays,  or  whenever  the  building  is  not.  occupied. 

It  is  advisable  to  protect  openings  between  important  divisions 
of  a  building  with  a  fire  door  on  each  side  of  the  wall. 

Cc^nstant  care  must  be  exercised  to  keep  all  protective  appliances 
and  apparatus  in  good  order.  Dependence  upon  deteriorated  pro- 
tective devices  is  more  dangerous  than  is  their  entire  s^bsence. 

An  equipment  of  open  sprinklers  on  the  exterior  of  the  building 
;is  very  desirable  in  the  case  of  a  wooden  building  which  is  exposed 
by  another  building.  These  should  be  arranged  under  the  cornice 
and.  over  each  window.  In.  some  cases  every  window  should  be 
protected  by  a  sprinkler.  •      . 

Do, not  let  your  sprinkler  equipment  freeze  up  in  winter.  It  may 
burst  and  inflict  water  damage,  or  it  may  be  frozen  up  and  inef- 
fective when  a  ,fire.  occurs 

Sprinkler  protection,  to  be  effective,  must  be  thorough.  Every 
nook  and  corner  must  be  protected  or  a  fire  may  have  time  to  grow 
beyond  control 

Gas  jets  are  .dangerous  unless  surrounded  by  wire  guards., 
.  Every  si;zable  factory  should  have,  in  connection  with  its  private 
fire  department,  one  or  more  hose  houses,  each  sheltering  a  hydrant, 
with  hose  already  attached  and  neatly  laid  out  ready  for  instant 
use,  together  with  axes  and  other  necessary  tools.  Permanent 
ladders  should  be  erected  at  points  \yhere  they  might  be  needed  in 
fighting  a  fire. 

3e  certain  that  your  supply  of  water  for  sprinklers  and  hydrants 
is  always  ^sufficient  and  easily  obtainable. 

Fire  pumps  should  be  located  beyond  reach  of  fire,  and  should 
be  constantly  in  condition  for  immediate  and"  protracted  use  at 
their  full  capacity.  The  "  Underwriter "  pattern  is  deemed  the 
best  style  of  fire  pump. 

A  tank  used  to  supply  water  to  a  sprinkler  system  should  not 
be  used  for  domestic  purpose^  as  sediment  is  apt  to  accumulat-e 
and  clog  sprinkler  pipes.      '  Digitized  by  GoOglC 
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A  steam  coil  or  an  open  live  steani  pipe  should  be  used  to  pre- 
vent water  in  tank  from  freezing.  There  should  be  a  permanent 
ladder  leading  to  gravity  tank. 

Heavy  pressure  of  water,  satisfactory  to  underwriters,  may  be 
obtained  from  public  water  works  systems,  private  reservoirs  or^ 
standpipes,  air  pressure  tanks  or  automatic  steam  pumps.  ' 

No  large  mercantile  or  manufacturing  establishment  can  be  con- 
sidered properly  equipped  which  has  no  automatic  fire  alarm  system. 
There  are  a  variety  of  these,  and  they  can  be  arranged  to  suit 
every  requirement.  Some  of  them  are  combined  with  automatic 
sprinklers. 

Use  none  but  frost-proof  hydrants  where  the  winters  are  cold 
enough  to  freeze  up  ordinary  hydrants. 

The  underwriters  have  adopted  a  standard  for, fire  hose;  s^e 
that  your  hose  is  up  to  standard  and  in  good  condition. 

Great  care  should  be  exercised  in  the  treatment  of  hose.  It 
should  be  kept  in  a  well-ventilated  house,  and  should  be  emptied 
and  carefully  laid  out  on  shelves  after  using. 

It  will  be  found  economical  in  the  end  to  purchase  thoroughly 
good  hose,  even  though  the  price  is  somewhat  higher  than  othfer 
hose  said  to  be  "  just  as  good." 

Probably  more  fires  have  been  put  out  by  means  of  water  pails 
than  by  any  other  instrumentality.  A  liberal  supply  of  pails,  well 
scattered  throughout  the  premises  and  kept  constantly  filled,  pro- 
vides an  excellent  safeguard  agziinst  fire. 

Watchmen  are  proverbially  sleepy;  hence  the  desirability,  if  not 
the  absolute  necessity,  for  the  use  of  watchmen's  clocks  and  watches, 
to  secure  regular  and  systematic  inspection  of  the  premises  during 
nights,  Sundays  and  holidays. 

A  good  system  for  conveying  an  alarm  of  fire  to  employees,  and 
especially  to  the  members  of  the  private  fire  department,  should  be 
devised  by  the  factory  owner.  Promptness  may  mean  the  safety 
of  your  property,  when  delay  would  cause  its  loss. 

A  generous  supply  of  hand  fire  extinguishers  will  contribute 
much  toward  the  safety  of  your  premises. 

Fire  prevention  is  better  than  fire  insurance  for  a  reputable  house. . 
Insurance  companies  may  indemnify  you  fully  for  direct  loss,  but 
they  will  not  and  cannot  make  good  the  loss  occasioned  by  the 
stoppage  of  your  business,  such  as  loss  of  old  customers  and  old 
and  skilled  employees.  . 

Hand  grenades  are  particularly  adapted  for  use  in  some  lines  of 
business,  and  in  special  locations — possibly  they  would  suit  your 
needs. 

A  supply  of  efficient  fire  escapes  may  be  the  means  of  saving 
many  lives.  A  life  saving  net  is  an  excellent  addition  to  the  factory 
apparatus. 

None  but  approved  safety  lanterns  should  be  used  by  watchmen 
and  others  in  a  factory,  especially  in  one  containing  inflammable 
goods. 

Concerns  still  clinging  to  thie  use  of  sawdust  in  cuspidors  should 
substitute  sand. 

Be  careful  in  your  choice  of  executive  men  for  your  private  fire 
department.  Have  those  only  in  power  whose  authbrity  will  be 
recognized,  who  are  cool  and  ready  ip  emergencies,  and  who  live 
near  the  establishment.  Digitized  by  GoOglC 
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If  you  use,  or  intend  using,  acetylene  gas,  make  certain  tiiat  your 
generator  is  of  a  type  approved  by  underwriters,  that  it  is  properly 
situated,  and  that  3rou  are  violating  no  rule  concerning  storage  of 
calcium  carbide. 

Bear  in  mind  that,  while  acetylene  gas,  under  certain  conditions, 
is  as  safe  as  ordinary  ilhiminatmg  gas,  under  certain  other  condi- 
tions it  has  highly  explosive  qualities.  Be  sure  you  are  right — 
then  go  ahead. 

It  has  been  aptly  remarked  that  "  a  pail  of  water  at  the  beginning 
will  extinguish  any  fire,  provided  th%  pail  of  water  is  there,  ^d 
some  erne  to  use  it."  '  Also  that  a  sprinkler  **  is  itself  the  first  pailj 
but  it  requires  no  human  agency  to  operate  it.  It  is  on  duty  night 
and  day."  \ 

Rubbish,  if  pormttted  to  accumulate,  i!s  extremely  likely  to  some 
day  cause  a  fire.  This  is  especially  true  if  oily  rags,  cotton  on 
sawdust  form  a  part  of  the  accumulation, '  for  then  spontaneous 
combustion  is  apt  to  occur,  and  anodier  mysterious  fire,  with  no 
hnag^nable  cause,  is  reported. 

Stoves  and  stove  pipes  have  caused  many  fires.  Pipes  should 
always  be  securely  fastened,  particularly  when  passing  through 
walls  or  partitions ;  and  the  sheet  of  tin  or  zinc  placed  under  the 
stove  should  project  for  a  considerable  distance  in  front  of  it,  to 
prevent  damage  by  liv^  coals. 

Do  not  permit  any  joists  to  run  into  the  mfason  work  of  la  chim- 
ney as  the  chimney,  in  settling, 'is  apt  to  crack  in  such  a  way  that 
the  wood  will  be  exposed  to  the  action  of  the  fire.  Watch  chimneys 
closely  and  remedy  defects  promptly. 

If  your  building  is  heated  by  a  hot-air  furnace,  see  that  ample 
space  (at  least  one  foot)  is  left  between  the  furnace,  stiibke  pipe 
and  heat  pipes,  and  the  joists  above  them.  Better  further  protect 
the  joists  by  a  fireproof  covering. 

With  the  increasing  use  of  electricity  for  light  and  power,  the 
number  of  fires  attributable  to  stray  electricity  is  growing.  Elabo- 
rate rules  have  been  promulgated  by  organized  underwriters,  elec- 
tricians and  architects  to  ensure  the  safe  in*sta!lation  of  electrical 
plants;  but  the  actual  safety  depends  very  largely  upon-  the  honesty 
and  conscientiousness  of  the  local  electrician  who  does  'the  work. 
Most  of  his  work  is  covered  up  so  that  it  is  almost  iny>os$ible  to 
detect  existent  defects. 

Use  sand  for  the  absorption  of  oil  drippings,  not  sawdust. 

Never  deposit  ashes  in  a  wooden  receptacle. 

There  are  several  preparations  for  rendering  fabrics  practically 
fireproof.  If  you  have  gas  jets  in  proximity  to  curtains,  hav^  the 
latter  fireproofed: 

Mansard  and  shingled  roofs,  wooden  awnings,  blind  attics,  etc., 
do  not  find  favor  with  underwriters. 

Use  only  a  good  quality  of  bricks  and  mortar  in  the  construction 
of  chimneys. 

The  use  of  kerosene  on  floors  when  sweeping,  or  of  sawdust 
on  floors,  adds  to  the  fire  hazard  and  the  insurance  premium. 

Holiday  decorations  in  stores  in  which  lights  and  flimsy  fabrics 
are  utilized,  constitute  a  positive  fire  risk. 

Keeping  merchandise  in  tin-covered  boxes,  or  on  skids  or  plat- 
forms raised  above  the  floor,  or  on  the  grade  floor  of  buildmg^  all 
tend  to  reduce  the  liability  to  damage  by  fire  or  water.    '^^"^ 
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Co-insurance  may  be  briefly  defined  as  the  carrying  or  insuring 
of  a  portion  of  his  risk  by  the  owner  in  case  his  insurance  in 
companies  falls  below  a  certain  fixed  percentage  of  the  value  of 
his  insured  prpperty.  A  concession  in  premium  rate  is  usually 
granted  far  a  high  percentage  of  co-insurance  clause. 

Keeping  goods  in  fireproof  safes  reduces  risk  and  premium. 

Remember  that  heat  has  a  great  expansive  effect  dn  iron  pillars 
and  beams,  which  should  be  thoroughly  protected  by  some  non- 
conducting material 

•  Put -in  cut-offs  or  fire-stops  at  every  floor  of  your  building  and 
wherever  feasible,  so  that  fire  will  not  have  free  play  through  the 
interior  of  partitions. 

Wrought  iron  is  much  more  affected  by  the  attack  of  rust  than 
is  cast  iron,  A  covering  of  lime  mortar  tends  to  prevent  deteriora- 
tion of  iron  by  rust.  ^ 

When  installing  a  spijinkler  system,  be  thorough;  protect  every 
portion  of '  your  plant,  placing  sprinklers  under  large  shelves,  plat- 
forms, racks,  etc.,  where  the  water  distributed  by  the  ceiling  heads 
might  not  reach  and  quench  a  fire. 

Keep. the  valves  in  sprinkler  supply  pipes  always  open. 

Explosives  must  not  be  used  or.  stored,  except  under  prescribed 
conditions  or  by  special  permission. 

If  your  property  is  mortgaged,  be  certain  that  you  have  complied 
with  policy  requirements  respecting  mortgaged  property.. 

iPermission  of  the  insurance  con^panies  is  necessary  before  mak- 
ing extensive  repairp  or  alterations..  Read  the  poliqy  in  this. con- 
nection. . 

If  insurance  is  carried  in  more  than  one  company,  be  sure  that 
permissiou  for  other  insurance  is  given  in  each  policy. 

I^osses  are  adjusted  according  to  the  present  value  of  the  goods 
damaged  or  destroyed. 

To  extinguish  a  chimney  fire,  close  the  doors  and  windows  of 
the,  room  from  which  the  flue  Jeads,  in  order  to  prevent  draught, 
and  then  sprinkle  a  cup  or  two  of  salt  on  the  fire. 

If  a  building  is  to, be  vacant  or  unoccupied  longer  than  ten  days, 
obtain  permission  from  the  insurance  companies. 

A  factory  may  be  run  until  lo  P.  M.,  or  closed  for  not  exceeding 
ten  days,  writhout  special  permission. 
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HAZARDS 

GENERAL  INFORMATION  RELATING  TO 

EXPLOSIVES    AND    OTHER 

DANGEROIJS  ARTICLES* 

EXPLOSIVES 

An  explosive  consists  of  a  substance  capable  of  conversion  with  great 
rapidity  into  gaseous  form  witlx  evolution  of  heat.  The  volume  of  gas  given 
oif  is  many  times  fhat  of  the  volume  of  the  explosive.  The  effective  work 
of  commercial  explosives  is  due  to  the  large  amount  of  gas  and  heat  given 
off  and  to  the  \rapidity  with  which  the  chemical  action  occurs. 

Practically  all  explosions  are  in  reality  a  burning  of  the  explosive  material. 
The  difference  between  the  burning  or  explosion  of  an  explosive  and  the 
burning  of  wood,  coal  or  other  inflammable  material  is  that  in  the  former 
case  the  oxygen  necessary  for  the  burning  is  furnished  from  one  of  the 
components  of  the  explosive,  while  in  the  latter  case  the  necessary  oxygen 
is  furnished  by  the  air. 

In  the  firing  of  explosives  other  than  high  explosives  the  action  is  com- 
municated by  actual  contact  of  the  flame  passing  from  one  part  of  the 
charge  to  the  other.  These  explosives  are  ignited  by  a  powder  fuse  in 
•  mining  or  by'  a  primer  in  rifle  and  shotgun  cartridges.  In  the  explosion  of 
a  high  explosive  the  action  through  the  material  is  transmitted '  as  a  wave 
motion,  much  in  the  same  manner  that  sound  vibrations  pass  through  the  air. 
Such  an  explosion  is  also  characterized  by  the  term  detonation,  and  is  many 
times  quicker  than  the  ordinary  explosion  of  such  materials  as  black  powder. 
High  explosives  can  be  exploded  by  heat,  shock,  friction,  or  by  use  of  a 
blasting  cap.  It  is  this\last  means  that  is  employed  whenever  high  explosives 
are  used  in  practical  work.  In  fact,  a  high  explosive  may  be  best  defined 
and  distinguished  as  one  'that  may  be  detonated  by  means  of  a  blasting  cap. 

Black  Powder  is  the  oldest  and  most  widely  known  explosive  material. 
Black  powder  is  not  a  high  explosive.  Black  blasting  powder  is  a  mixture 
of  sulphur,  charcoal  and  sodium  nitrate.  Black  rifle  powder  ifi  a  mixture  of 
sulphur,  charcoal  and  potassium  nitrate.  Sodium  nitrate  is  used  in  blasting 
powder  in  thc^  United  States  on  account  of  its  lower  cost,  and  in  spite  of  the 
fact  that  it  has  the  property  of  absorbing  moisture  frdm  the  air.  Potassium 
nitrate  does  not  have  this  property,  and '  hence  the  black  rifle  powder  has 
better  keeping  qualities  than  the  blasting  powder.  However,  any  deterioration 
of  a  black  powder  from  abso'rption  of  moisture  renders  it  less  easy  to  ignite, 
and  consequently  less  dangerous.  At  the  same  time,  its  value  as  an  explosive 
is  lessened   or  destroyed. 

In  the  manufacture  of  blasting  powder  the  sodium  nitrate  is  dried  and 
pulverized,  and  the  charcoal  and  sulphur  are  also  pulverized.  The  three 
ingredients  are  then  placed  in  their  proper  proportions  in  a  wheel  mill  in 
which  the  mixing  takes  place,  and  the  materials  are  at  the  same  time  reduced 
to    a    very    fine    powder. 
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After  the  mixing  is  completed  the  material  is  removed  to  a  press  mill, 
where  it  is  pressed  by  hydraulic  pressure  into  hard  cakes.  This  cake  is 
then  broken  up  and  formed  into  grains  in  the  corning  mill.  The  granular 
powder  is  then  -glazed  by  placing  it  in  a  rotating  cylinder  with  powdered 
graphite.  The  glazing  renders  the  grajns  lefts  angular  and  gives  them  a 
oolished  stirface.  The  glazing  process  is  omitted  entirely  with  some  grades 
of  blasting  powder.  The  powder,  after  glazing  and  drying,  is  packed  for 
shipment  and  the  usual  container  is  the  25-lb.  metal  can..  Black  rifle  powder 
is  made  in  much  the  same  manner  as  above,  with  the  exception  that  potassium 
nitrate  is   used  instead  of  sodiuim  nitrate. 

Black  powder  is  very'  insensitive  to  shock  or  friction,  and  for  all  practical 
purposes  it  may  be  said  that  it  cannot  be  exploded  in  this  way.  If,  how- 
ever, a  spark  is  produced  in  any  manner  the  powder  is  readily  ignited.  The 
finer  the  grains  the  easier  the  powder  may  be  ignited.  It  is  the  peculiar 
susceptibility  to  sparks  which  renders  the  transportation  of  black  powder 
hazardous.  The  term  low  explosives  may  be  used  for  black  powder  or  other 
explosives    of    similar    composition. 

Smokeless  Powders  usually  consist  principally  of  nitrocellulose.  The  chief 
risk  attending  transportation  of  these  powders  is  one  of  fire  from  external 
causes. 

Smokeless  powder  for  cannon  would  increase  the  intensity  of  the  fire, 
but  it  must  be  strongly  confined,  as  in  a  cannon,  to  make  it  explode.  On 
account  of  the  finer  granulation,  smokeless  powder  for  small  arms  would 
burn  much  more   rapidly.  . 

Some  few  so-called  smokeless  powders  are  made  from  chlorate  mix.tures 
and  are,   of  course,  subject  to   the  same  risks   as   high   explosives. 

Dynamite  may  be  defined  as  any  material  formed  by  the  mechanical  mixing, 
of  nitroglycerin  with  an  absorbent.  Nitroglycerin  is  formed  by  the  treatment 
of  glycerin  with  a  mixture  of  sulphuric  and  nitric  acids.  After  formation 
of  the  nitroglycerin  in  this  way  it  is  separated  from  the  mixed  acids  and 
thoroughly  washed  with  water  till  all  traces  of  acid  are  removed.  The  nitro- 
glycerin is  a  heavy,  oily  liquid,  having  somewhat  the  consistency  of  glycerin, 
and  having  generally  a  yellowish  color.  Nitroglycerin  of  itself  is  extremely 
sensitive  to  shock,  friction  or  detonation,  and  is  too  dangerous  for  railway 
transportation.  About  the.  only  use  for  it  in  a  liquid  state  is  in  blowing 
oil  wells.  For  this  purpose  it  is  customary  to  transport  it  by  w^gon.  Many 
accidents  have  occurred  in  this  way. 

In  making  dynamite,  nitroglycerin  is  mixed  with  an  absorbent  or  ''  dope." 
In  this  country  the  usual  practice  is  to  use  a  mixture  of  sodium  nitrate 
and  wood  pulp  for  a  dope  for  a  straight  dynamite.  In  making  ammonia 
dynamite  the  dope  usually  consists  of  a  mixture  of  ammonium  nitrate,  sodium 
nitrate,  wood  pulp  and  sulphur.  It  is  also  required  that  an  antacid  of  some 
kind  be  used  in  all  dynamites  to  neutralize  any  traces  of  acidity  accidentally 
remaining  in  the  nitroglycerin.  The  materials  most  often  used  as  aintacid 
are  magnesium  carbonate  or  calcium  carbonate.  Chalk  or  limestone  is  com- 
posed   chiefly    of    calcium    carbonate. 

The  ingredients  of  the  "  dope  "  should  be  thoroughly  dried  before  mixing, 
and  the  dope  should  be  of  such  quality  that  it  will  absorb  and  hold  the 
nitroglycerin  added.  As  wood  pulp  is  much  mo're  efficient  as  an  absorbent 
than  sodium  nitrate,  the  high  grade  dynamites  must  have  much  more  pulp 
than  the  low  grades.  After  the  nitroglycerin  has  been  thoroughly  mixed 
with  the  absorbent  either  mechanically  or  by  hand,  it  is  taken  to  the  packing- 
house, where  it  is  loaded  in  paper  cartridges.  These  cartridges  are  made 
of  stout  paper,  and  are  dipped  in  .  melted  paraffin  before   loading|Q^[^  the 
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usual  pmctice  after  filling  cartridges  with  ammonia  dynamite  to  dip  them 
again   into   melted   paraffin. 

In  making  gelatin  dynamite  the  nitroglycerin  is  first  mixed  with  soluble 
nitrated  cotton,  thus  forming  a  jelly-like  mass;  afterwards  a  dope  some- 
what similar  to  that  for  straight  dynamite  is  thoroughly  mixed  with  the 
jelly-like  mass,  thus  forming  a  gelatin  dynamite.  Gelatin  dynamite,  when 
properly   made,    is   less    liable    to'  leak   than    straight   dynamite. 

Gelatin,  or  blasting  gelatin,  differs  from  gelatin  dynamite  in  that  it  con- 
tains no  absorbent  dope. 

The  sodium  nitrate  and  wood  pulp  used  in  dynamite  have  the  power  of 
absorbing  moisture  from  the  air,  and  are  therefore  said  to  be  hygroscopic. 
Ammonium  nitrate,  which  is  used  in  ammonia  dynamites,  is  much  more 
hygroscopic  than  the  sodium  nitrate  or  the  wood  pulp.  The  use  of  paraf- 
fined paper  for  the  cartridges  tends  to  prevent  the  absorption  of  moisture 
from  the  atmosphere  and  the  leakage  of  nitroglycerin  from  the  cartridges. 
The  double  coating  of  the  ammonia  dynamite  cartridges  is  done  on  account 
of  greater  hygroscopic  qualities. 

A  dynamite  made  up  with  a  proper  absorbent  in  sufficient  quantity  will 
x^rtt  leak  when  manufactured,  but  if  subjected  to  long  storage  it  has  a  tendency 
to  gradually  absorb  moisture  from  the  atmosphere  This  absorption  naturally 
takes  places  faster  if  the  dynamite  is  stored  in  a  damp  magazine.  As  a 
result  of  this  absorption  of  moisture,  the  power  of  the  dope  to  hold  the 
nitroglycerin  is  lessened,  and  the  cartridge  becomes  stained  with  nitroglycerin; 
these  stains  are  in  turn  transmitted  to  the  .  box  and  to  the  floor  of  the 
magazine.  Ammonia  dynamites,  having  a  greater  power  of  absorbing  moisture 
than    the   others,    deteriorate   sooner   in   this   way. 

Dynamite  is  exploded  by  shock,  friction  or  detonation.  When  burned  in 
large  masses  it  usually  explodes,  but  it  can  be  burned  with  comparative 
safety  in  small  quantities  when  entirely  unconfined.  Dynamite  when  cooled 
to  a  temperature  of  about  45°  F.  entirely  loses  its  ordinary  soft  and  plastic 
condition  and  becomes  entirely  solid  and  hard.  In  this  condition  it  is  said 
to  be  frozen  completely.  Frozen  dynamite  is  less  sensitive  to  shock  and 
friction  than  when  in  the  soft  condition,  but  partially  thawed  dynamite  is 
said  to  be  more  sensitive.  It  is  necessary  to  "  thaw  out  "  frozen  dynamite 
to  get  complete  detonation  in  practical  use.  The  thawing  should  always 
be  done  in  an  apparatus  well  adapted  to  the  purpose.  It  must,  however,  be 
remembered  that  even  frozen  dynamite  is  liable  to  explode  if  carelessly 
handled. 

Many  **  low  freezing "  dynamites  are  now  made  by  the  addition  of  nitro- 
toluol  or  other  suitable  ingredients  to  the  nitroglycerin.  With  the  exception 
of  the  ingredient  added  to  the  nitroglycerin  to  lower  the  freezing  point,  these 
dynamites  are  similar  in  composition  to  ordinary  dynamites.  Their  use  in 
cold  weather  avoids  the  inconvenience  of  thawing.  In  other  respects  they 
involve  much  the  same  hazards  in  handling  and  in  transportation  as  do  the 
ordinary    dynamites. 

High  explosives  other  than  dynamite  generally  come  under"  four  groups: 
I.  Nitrocellulose  and  Nitrostarch  Explosives;  II.  Chlorate  Mixtures;  III.  Am- 
monium Nitrate  Mixtures;   IV.   Picric  Acid  and  Picrates.  * 

Nitrocellulose  and  Nitrostarch  Explosives. — ^The  basis  of  these  ex- 
plosives is  either  nitrostarch  or  nitrocellulose.  These  compounds  are  formed 
by  the  treatment  of  either  starch,  cotton,  paper,  or  wood  meal,  with  a 
mixture  of  nitric  and  sulphuric  acids.  The  acid  is  then  removed  by  thor- 
ough washing  with  water,  and  often  by  boiling  with  water.  The  resulting 
nitrostarch  or  nitrocellulose  has  the  same  appearance  as  the  material  before 
nitration.      It    has,    however,    become    much    more    inflammable,  'talg  lender 
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certain  conditions  explosive.  For  use  as  a  commercial  explosive,  the  nitro- 
starch  or  nitrocellulose  is  usually  mixed  with  sodium  nitrate  or  a  mixture 
of  ^dium  and  ammonium  nitrates.  Explosives  of  this  group  are  generally 
less  sensitive  to  shoc|c»  friction  and .  detonation  than  dynamites.  Havii^  no 
liquid  ingredient,  they  are  not  subject  to  exudation.  In  use,  they,  are  ex- 
ploded by  the  ordinafy  blasting  cap  or  electric  blasting  cap.  As  a  rule, 
explosives  of  this  group  burn  with  gr^at  rapidity  when  ignited  in  the 
open  air. 

Chlorate  Mixtures. — Explosives  of  this  group  qonsist  of  a  mixture  of 
chlorates  or  perchlorates  or  both  with  some  organic  matter.  Explosives 
containing  chlorates  are  liable  to  be  sensitive  to  shock,  friction  or  detonation. 
Some  of  them  ignite  at  low  temperatures.  Chlorate  explosives  if  made  from 
improper  or  impure  ingredients,  are  liable  to  spontaneous  ignition.  Increase 
of  sensitiveness  is  also  possible. 

Explosives  containing  perchlorates  without  chlorates,  are  less  sensitive  to 
impact,  friction  and  detonation  than  the  chlorate  explosives  and  are  not 
liable  to  spontaneous  decomposition. 

Ammonium  Nitrate  Mixtures. — Explosives  of  this  group  consist  of  a 
mixture  of  ammonium  nitrate  with  some  organic  combustible  material.  As 
a  rule,  these  explosives  are  the  safest  explosives.  They  are  less  sensitive 
to  shock,  friction  and  detonation  than  the  others.'  Owing  to  a  large  per- 
centage of  ammonium  nitrate,  some  of  these  explosives  will  bum  very  slowly 
even  when  placed  in  a  hot  fire. 

Picric  Acid  and  Picrates. — Picric  acid  consists  of  a  yellow  crystalline 
powder  of  intensely  bitter  taste  and  explosive  properties.  It  is  formed  by 
the  nitration  of  phenol  (carbolic  acid).  Picric  acid  combines  directly  with 
•metals  to  form  salts  known  as  picrates.  Picric  acid  and  picrates'  are  used 
in  the  color  industries  and  in  the  manufacture  of  explosives,  principally  for 
military  use.  High  price  and  fumes  from  explosion  render  them  of  little 
use    for   commercial    explosives. 


Editor's  Note. — For  handling  and  storage  of  Explosives,  see  page  211. 
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DANGEROUS  ARTICLES  OTHER  THAN  EXPLOSIVES 

For  the  purposes  of  safe  transportation  by  rail,  dangerous  article*  other 
than   explosives  are   divided   into  five  classes,   namely: 

I. — Inflammable   Liquids.      (Red   label.) 

II.— inflammable    Solids.      (Yellow   label.) 

III^ — Oxidizing   Materials.      (Yellow   label,) 

ly. — Corrosive   Liquids.     (White  label.) 

V. — Compressed   Gases.      (jKed    or   green    <gas)    label.) 

An  inflammable  liquid,  as  defined  by  the  Bureau  o£  Explosives,  does  not 
mean  any  liquid  that  can,  be  burned.  The  meaning, is  restricted  to  liquid* 
which  a^  ordinary  temperatures,  give  off  inflammable  vapors.  These  vapors 
are  not  only  inflammable,  but,  when  mixed  in  proper  proportions  with  air 
in  an  enclosed  space,  will  explode  with  violence,  if  ignited  by  any  means. 
This  action  is  exactly  similar  to  explosions  caused  by  ignitioi^  of  mixtures 
of  coal  gas  and  tar  in  houses,  cellars,  sewers,  etc.,  which  frequently  occur 
through  the  accidental  escape  of  gas  into  enclose^  spaces.  Any  liquid 
giving  a  flash  point  of  80°  F.  or  less,  opeii  cup,  is  classified  as  an  inflammable 
liquid.  , 

The  flash  point*  is  determined  by  gradually  heating  the  liquid  in  ^questioij 
in  a  sm'all  open  cup.  After  each  five  degrees  rise  in  temperature  a  small 
flame  is  passed  across  the  top  of  the  cup  about  one-quarter  of  an  inch  above 
the  surface  of  the  liquid.  The  lowest  temperature  at  which  a  flash  passes 
over  the  surface  of  the  liquid  ,  is  called  the  flash  point.  Jt  will  readily 
be  seen  that  the  lower  the  flash  point  of  any  liquid  the  greater  the  risk  of 
handling. 

Inflammable  solids  include  such  solid  materials  other  .than  e^^plosives  as 
are  liable  to  cause  fires  by  self-ignition  though  friction,  througjh  absorption 
of  moisture  or  through  spontaneous  chemical  changes. 

Oxidizing  materials f  include  all  substances,  such  as  chlorates,  peroxides, 
perchloratcs,  permanganates  and  nitrates,  that  yield  oxygen  readily  to  stimu- 
late  combustion  of  organic   matter. 

Corrosive  liquids  include  the  strong  mineral  acids,  iiv  strength  greater 
than  %  concentrated,  and  other  strongly  corrosive,  liquids,  the  transportation 
of   which   involves   risks,   similar  to  transportation   of   the  acids. 

Compressed  Gases. — Gases  are  commonly  shipped  cpn^pressed  in  steel 
cylinders.  Among  the  inflammable  gases  so  shipped  are  acetylene,  blaugas, 
hydrogen  gas,  pintsch  gas,  liquefied  petroleum  gas  and  coal  gas;  among,  the 
non-inflammable  gases  shipped  are  anhydrous  ammonia,  carbonic  acid  gas  or 
carbon  dioxide,  chlorine,  compressed  air,  nitrous  oxide  or.  dental  gas,  oxygen 
and  sulphur  dioxide.  These  gases  are  compressed  or  liquefied  at  pressures 
varying  from  50  to  1,800  pounds  per  square  inch  or  higher.  Of  the  above 
gases  the*  following  are  commonly  shipped  in  the  liquefied  condition, — 
blaugas,  liquefied  petroleum  gas,  anhydrous  ammonia,  carbon  dioxide,  chlorine, 
nitrpus  oxide,  and  sulphur  dioxide.  The  ijiflammable  gases  are  liable  to  be 
ignited  if  they  escape,  while  any  compressed  gas  may  burst  the  cylinder 
from  .  internal  pressure.  Pressure  will  always  increase  with  increase  of  tem- 
perature,  and   should   any   cylinder   of ;  compressed   gas   be   exposed  to   fire  it 


*  See  also  page  216. 
t  See  also  page  130. 
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will  inevitably  explode  unless  provided  with  an  efficient  safety  device.  Cylin- 
ders occasionally  explode  on  account  of  being  dropped  or  exposed  to  external 
violence. 

Deimitions 

A  brief  description  of  the  principal  articles  included  in  the  above  classes, 
and  other  articles  of  special  or  peculiar  hazard  for  rail  or  water  transportation, 
is  given  below: 

Acetate  of  Amyl  is  a  clear,  colorless  liquid  having  an  odor  like  bananas. 
It  is  made  from  amyl  alcohol  and  is  used  as  a  solvent  of  nitrocellulose  in 
the  manufacture  of  lacquers.  Different  grades  of  amyl  acetate  vary  in  in> 
flammability  with  the  character  of  impurities,  contained.  The  commercial 
grades  in  ordinary  use  give  a  flash  point  about  70°  F.,  and  are  therefore 
classed  as  inflammable  liquids.  Very  small  units  of  the  absolutely  pure 
material  give  flash  point  above  80^  F.,  and  are  not  classed  as  inflammably 
liquids. 

Acetate  of  Ethyl  or  Acetic  Ether,  is  a  clear,  colorless  volatile  liquid  oi 
fragrant' odor,  used  as  a  medicine  and  as  a  flavoring.  It  is  very  inflammable, 
having  a  flash  point  of  approximately  40**  F.  It  is  classed  as  an  inflammable 
liquid. 

Acetate  of  Methyl  is  a  clear  colorless  liquid  of  pleasant  odor.  It  is  of 
ibout  the  same  degree  of  inflammability  &8  acetone,  and  is  classed  as  an 
inflammable  liquid  under  the  I.  C.  C.  Regulations  and  is  not  accepted  by 
many  of  the  steamship  companies. 

Acetic    Ether.      (See   Acetate    of   Ethyl.) 

Acetone  is  a  clear,  colorless  liquid,  having  a  pleasant  odor  somewhat 
similai:  to  wood  alcohol.  It  is  used  largely  a&  a  solvent  for  nitrocellulose 
in  the  production  of  lacquers,  etc.  Acetone  is  highly  inflammable,  having 
a  flash  test  of  .15^    F.     It  is  classed  as  an   inflammable  liquid. 

Acetylene  is  an  inflammable  gas  of  formula  C2  H2.  It  is  formed  by  the 
action  of  water  on  calcium  carbide.  When  compressed  alone  it  is  liable  to 
explosion.  It  is,  however,  extremely  soluble  in  acetone.  It  can  be  shipped 
only  in  steel  cylinders  filled  with  a  porous  material  satisfactory  to  the  Bureau 
of  Explosives.  This  porous  material  must  be  charged  with  acetone  or  equiva- 
lent solvent.  Acetylene  is  used  for  head  lights  on  locomotives,  automobiles 
and  motor  boats,  for  signal  lights,  and  for  welding  purposes.  It  requires  a  red 
(^s)  label. 

Acid,  Acetic,  is  a  blear,  colorless  liquid,  having  a  pungent  odor,  and  is 
used  chiefly  in  technical  work.  It  is  not  inflammable,  no/  is  it  classed  as 
a  corrosive  liquid  under  the  regulations.  Glacial  acetic  acid  is  the  most 
concentrated'  acetic  acid,  and  solidifies  at  temperature  of  50*^  F.  Its  ship- 
ment is  restricted  by  the  Department  of  Commerce. 

Acid,  Arsenic,  is  a  white  crystalline  solid  material,  not  inflammable  or 
corrosive,  but  highly  poisonous,  and,  therefore,  prohibited  by  some  steam- 
ship Hnes.  It  is  also  shipped  in  concentrated  aqueous  solution.  Its  ship- 
ment on   passenger  Meamers   is   restricted   by  the   Department   of   Commerce. 

Acid,  Arsenious,  is  a  white,  solid  material,  either  In  powder  or  lumps, 
used  in  paint,  glass  and  leather  industries;  it  is  highly  poisonous,  but  not 
otherwise  dangerous.  Its  shipment  on  passenger  steamers  is  restricted  by 
the  Department  of  Commerce. 

Acid,  Carbolic,  is  shipped  both  in  the  solid  and  liquid  state.  Material  is 
poisonous,  somewhat  corrosive,  and  has  an  exceeding  strong  odor.  It  is 
not  classed  as  an  inflammable  liquid  or  solid,  but  its  shipment  is  restricted 
by  the  Department  of  Commerce. 

Acid,  Formic,  is  a  colorless  liquid  of  pungent,  irrij^^^^  ^o^q^^^  con- 
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centrated,  it  has  a  caustic  effect  on  the  alcia,  but  does  not  have  tl(«  strong 
corrosive  effect  of  the  miners^l  acids,  and  is  not  classed  as  a  corrosive  liquid 
vnder  the  regnlatioos.  Its  shipment  is  restrkted  by  the  Depai'tment  of 
Commerce. 

Acid,  Hydrochloric  (Muriatic  Acid),  is  a  corroeivt  liquid,  varying  from 
colorless  to  yellow,  according  to  putity.  It  giVes  off  acid  vapor  of  a 
peculiarly  irritating  odor.  It  cannot  be  packed  in  iron  drums,  but  is  usually 
packed  in  glass  bottles  or  carboys.  It  is  also  shipped  in  tank  cars  provided 
with  acid>proof  lining.  Hydrochloric  acid  will  damage  or  destroy  many 
articles  by  contact,  but  does  not  cause  fires.  It  is  classed  as  a  corrosive 
liquid. 

Acid,  Hydrocyanic,  is  a  colorless,  volatile  liquid,  having  odor  and  taste 
of  bitter  almoaids.  Both  liquid  and  its  vapor  are  highly  poisonous.  It  is  of 
slight  commercial  importantie.  Its  shipnietat  by  water  Is  restricted  by  tbe 
Department    of    Commerce. 

Acid,  Hydrofluoric,  or  Etching  Acid,  is  a  fuming  corrosive  liquid  used 
principally  'for  etching  on  glass.  It  cannot  be  kept  In  glass  bottles,  owing 
to  its  solvent  action  on  glass.  It  also  dissolves  all  metals  except  gold,  platinum 
and  lead.  It  is  consequently  shipped  in  Tessets  of  lead,  rubber,  or  ceresine 
(a  material  similar  to  paraffin),  or  in  asphakum'lined  barrels  or  wooden 
tank  cars.  Hydrc^uoric  acid  is  made  by  treatment  of  the  mineral  known 
as  fluor  spai  with  sulphuric  acid.  It  is  classed  as  a  corrosive  liquid.  It 
is   refused  .by   many   steamship   companies. 

Acid,  Misnad,' is  a  mixture  of  nitric  and  sulpfaurlc  acids,  used  for  nitration 
of  glycerin  or  cellulose  in  the  manuiaeture  of  nitroglycerin  and  nitrocellulose. 
This  acid  mixture*  coming  into  contact- with  organic  matter  is  sure  to  cause 
fire,  and,  therefore,  should  not  be  shipped  or  stored  in  glass  containers, 
owing  to  risk  of  breakage,  except  it  is  in  a  glass  carboy,  packed  in  a  tight 
cylindrical  iron  case,  covering  bottom  and  sides  of  carboy^  tbe  space  between 
bottle  and  case  being  filled  with  non-combustible  cusbtoning  material,  and 
the  case  fitting  tightly  in  the  outside  wooden  box.  It  is  also  shipped  in 
iron  drums  or  tank  cars.  It  is  classed  as  a  corrosive  liquid.  It  is  refused 
by  many  steamship  companies. 

Acid,  Nitrating.     (See  Acid,  Mixed;) 

Acid,  Muriatic     (See  Acid,  Hydrochloric.) 

Acid,  Nitric,  is  a  fuming,  corrosive  liquid,  varying  from  colorless  to  red, 
according  to  purity.  It  has  a  corrosive  action  on  almost  all  metals.  It  is 
also  a  strong  oxidising  agent,  and  when  brought  into  contact  with  wood  or 
other  organic  matter  if  likely  to  cause  fire  Nitric  acid  is  made  of  different 
strengths  for  different  purposes.  The  stronger  acid  is  more  likely  to  cause 
fire.  It  is  packed  in  glass  pottles  or  carboys.  These  bottles  or  carboys  must 
be  packed  in  incombustible  packing.  It  is  formed  by  the  action  of  sulphuric 
acid  i  on  8  nitrate — usually  sodium  nitrate.  It  is  used  lar^ly  in  the  manu- 
facture of  explosives.  It  is  classed  as  a  corrosive "  liquid.  It  is  refused  by 
many  steamship  companies. 

Acid,  Nitro-Hydrochloric,  is  a  mixture  of  nitric  and  hydrochorlic  acids. 
This  acid  gives  off  chlorine  gas,  especially  if  warmed.  It  is  highly  corrosive, 
having  the  power  to  dissolve  all  metals,  including ,  gold  and  platinum.  It  is 
packed  in  glass  bottles  or  carboys.     It  is  classed  as  a  corrosive  liquid. 

Acid,  Oxalic,  is  in  the  form  of  a  white  crystalline  solid.  It  is  odorless, 
and  slightly  corrosive  but  poisonous.  It  is  not  generally  regarded  as  hazard- 
ous for  transportation. 

Acid,  Phosphoric,  consists  of  a  clear  colorless,  odorless  liquid  of  a  syrupy 
tensistency.     It -is  but  very  slightly  corrosive,  atod  is  not  elasseiiO^lC  co**' 
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rosive  liquid  by  the  I.  C.  C.  Regulations,  nor  is  it  generally  restricted  by 
the  steamship  companies. 

Acid,  Picric,  is  a  yellow  erystallise  solid .  of  intensely  bitter  taste.  It  is 
used  in  leather  and  dye  industries,  also  as  a  military  explosive.  The  dry 
material  is .  a  high  explosive.  When  thoroughly  mixed .  with  not  less  than 
10  per  cent  water,  in  waterproof  containers,  it  i^  treated  as  an  inflammable 
solid. 

Acid,  Pyroligneous,  is.  the  crude  acid  obtained  by  the  destructive  distilla- 
tion of  wood.  It  is  of  yellowish  or  brownish  color,  and  contains  approxi- 
mately 6  per  cent  acetic  acid,  together  with  tarry  matters.  It  has  a  strong 
smoky   odor.      It  is  entirely  uninflammable   and   without  hazard   in  shiptaxent. 

Acid,  Sulphuriq,  is  a  heavy,  oily,  corrosive,  odorless  liquid.  It  varies 
from  colorless  to  almost  black,  according  to  purity.  Sulphuric  acid  is  made 
by  the  oxidation  of  sulphur,  by  burniJig  the  native  sulphur  or  iron  pyrites. 
The  sulphur  dioxide  formed  directly  by  the  burning  is  still  further  oxidized 
to  sulphuric  acid  by  either  the  contact  process  or  the  lead  chamber  process. 
Sulphuric  acid  will  char  wood  or  almost  any  other  organic  matter.,  but  is 
unlikely  to  cause  fire.  It  is  largely  used  in  manufacture  of  chemicals, 
acids,  fertilizers,  explosives,  and  in  refining  of  oil.  .  It  is  shipped  in  glass 
bottles  and  carboys,  or  in  iron  drums  or  tank  cars.  It  is  classed  as  a  cor- 
rosive liqttid.  It  is  refused  by  some  steamship  companies,  and  its  shipment 
by  boat  is  restricted  by  the  Department  of  Commerce. 

Acid,  Valerianic,  is  a  colorless,  oily. liquid  of <&  very  offensive,  rancid  odor. 
It  ifi  not  dangerously  corrosive  or  inflammable,  but  owing  to  offensive  odor 
is  not   accepted  by  some  steamship  lines. 

Air,  Liquid,  is  air  liquefied  by  high  pressure  and  low  temperature.  It-  s 
shipped  in  double  walled  glass  bottles  with  silvered  walls;  the  space  between 
the  double  walls  is  a  vacuum.  These  containers  are.  built  on<  the  same 
principle  as  the  well-known  "  thermos  bottles."  The  containers  for  liquid 
air  are  not  tightly  closed,  and  evaporation  may  take  place  without  causing 
internal  pressure.  Liquid  air,  owing  to  its  concentration  has  a  strong 
oxidizing  effect  on  finely  divided  organic  matter.  Owing  to  its  extremely 
low  temperature,  it  causes  effects  similar  to  severe  burning  if  it  should 
come  in  contact  with  the  skin.  It  is  of  small  practical  value,  and  shipments 
are   chiefly   confined   to  material   for   demonstration   purposes. 

Alcohol,  Denatured,  consists  of  grain  alcohol  to  which  some  substance 
has  been  added,  rendering  it  unfit  for  use  as  a  beverage,  but  not  interfering 
with  its  use  in  the  arts.  Ordinary  denatured  alcohol  contains  wood  alcohol 
and  benzine,  and  consequently  the  flash  point  is  lowered  to  40°  F.,  ap- 
proximately.    It  is  classed  as  an  inflammable  liquid. 

Alcohol,  Grain,  is  a  clear,  colorless  liquid  of  characteristic  taste  and 
color.  It  is  obtained  by  fermentation  of  grain  or  other  starch  or  sugar- 
containing  material.  It  mixes  with  water  in  all  proportions.  Pure  alcohol 
has,  a  flash  test  of  55°   F.     It  is  classed  as  an  inflammable  liquid. 

Alcohol,  Solidified,  consists  of  wood  alcohol  which  has  been  coUoided  to 
a  soft  semi-transparent  mass  of  abont  the  consistency  of  a  jelly.  It  is 
made  either  by  colloiding  with  nitrocellulose,  or  .with  a  kind  of  soap.  The 
former  kind  is  unchanged  by  moderate  heat  while  the  latter  is  liquefied. 
Solidified  alcohol  gives  off  inflammable  vapors  at  temperatures  of  approxi- 
mately 50°  F.  or  above,  but  owing  to  the  fact  that  its  physical  condition 
is  such  as  to  prevent  leakage  from  defective  containers  it  is  not  classed 
as  a  dangerous  article. 

Alcohol,  Wood,  is  a  clear,  colorless  liquid,  of  a  peculiar  odor.  It  is 
obtained  by  the  dry  distillation  of  wood.  It  mixes  with  water  in  all  .pro- 
portions and  has  a  Aaah  test  of  45°  F.     It  is  classed  as  an  inflammable  liquid. 

Digitized  l 
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Alfalfa  Feeds  consist  of  varying  mixtures  of  ground  alfalfa  hay,  with 
molasses,  with  or  without  the  addition  of  cracked  com,  oats,  and  various 
other  feeds.  Carload  shipments  of  these  feeds  under  some  circumstances 
heat  spontaneously  ^nd  in  extreme  cases  may  cause  fire.  The  use  of  inferior 
or  mouldy,  or  exceedingly  damp  ingredients,  or  the  wetting  of  the  material 
m   transit   promotes   this   heating.     It  is  not  classed  as   a  dangerous  article. 

Ammonia,  Anhydrous,  is  a  compressed  liquefied  gas  shipped  in  iron  or 
steel  cylinders  at  pressure  approximating  150  lbs.  per  squai^e  inch  at  60"  F. 
Gas  is  entirety  non-combustible  and  is  used  for  refrigerating  purposes.  Cylin- 
ders must  be  kept  away  from  heat  and  must  not  be  dropped  or  struck.  It 
requires  a  green    (gas)    label. 

Ammonia,  Aqua,  is  in  the  form  of  a  clear  colorless  liquid  having  a 
strong  odor  of  ammonia.  It  consists  of  ammonia  gas  dissolved  in  water. 
It  is  slightly  corrosive  but  has  a  strong  odor.  It  is  not  classed  as  a  hazard- 
ous article  by  the  I.  C.  C.  Regulations,  but  Its  shipment  is  restricted  by 
some   of   the  steamship   companies. 

Ammonium  Hydroxide.     (See  Ammonia,  Aqua.) 

Ammonia   Water.      (See   Ammonia,  Aqua.) 

Ammonium  Picrate,  is  a  crystalline  powder  of  yellow  to  orange  color  and 
having  an  intensely  bitter  taste.  It  is  a  high  explosive, .  but  is  extremely 
insensitive   to   friction,   impact   or  detonation. 

Ammunition  Bombs  or  Bombardments  are  fireworks.  They  consist  of  heavy 
paper  shells  containing  bursting  charge  of  black  powder  or  other .  explosive, 
aad.in  addition  usually  contain  colored  .stara  of  chlorate  composition.  These 
bombs  are  meant  to  be  fired  into  air  from  a  .mortar.  Some  of  these  bombs 
are  very  large  and  heavy  and  explode  with  great  yiolence^-  When  assembled 
with  blasting  caps  or  detonators  they  are  ■  forbidden  for  transportsktion.  These 
bombs  are  not  accepted  by  steamship  lines,  and.  when  shipped  by  rail  are 
classed  as  sfkecial  firewoilcs  or  as  high  explosives,  according  to  nature  and 
composition. 

Ammunition  for  Cannon  embraces  all  fixed  or  separate-loading  ammuni- 
tion too  heavy  for  use  in  small  arms.  When  the  component,  parts  are 
packed  in  separate  outside  package  such  packages  may  be  shipped  as  smoke- 
less powder  for  cannon,  explosive  projectiles,  empty  (including  solid  and 
sand  loaded)  projectiles,  primers,  or  fuses.  Igniters  composed  oi  black 
powder  may  be  attached  to  packages  in  shipments  of  smokeless  powder  for 
cannon. 

Ammunition  for  Small  Arms  consists  usually  of  a  paper  or  metallic  shell, 
the  primer,  powder  charge  and  projectile,  the  materials  necessary  for  one 
firing  being  all  in  one  piece,  such  as  is  used  in.  sporting,  or  fowling  pieces, 
or   in   rifle,    pistol    prSctice,   etc 

Amyl  Acetate.      (See  Acetate  of  Amyl.) 

Aqua  Portia.     <See  Acid,   Nitric.) 

Aqua  Regis.     (See  Nitro-Hydrochioric  Acid.) 

Animal  Charcoal  or  Bone  Black  consists  of  a  charcoal  formed  by  the 
destructive  'distillation  of  bones.  It  is  used  largely  as  a  clarifying  agent 
in  sugar  refining,  etc.  Owing  to  the  large  amount  of  mineral  matter  con- 
tained, it  does  not  possess  the  hazards  of  wood  charcoal,  and  is  not  clashed 
as  an  inflammable  solid.  It  is  accepted  generally  by  the  steamship  com- 
panies. 

Arsenic    Trioxide.      (See    Acid,    Arsenious.) 

Asphaltum  Paint  qr  Varnish  consists*  of  aspbaltum  in  solution  in  benzine, 
benzol,,  or  other  solvents.,  Its  inflammability  depends  on  the  nature  of  the 
solvents  used.  Digitized  by  CjOOg le 
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Automobile  Supplies,  N.  O.  S.,  inay  include  gasoline,  acetylene  it»8  tanks, 
or   rubber  cement,   which   are   all   properly  classed   as  inflammable. 

Bags,  Empty,  used  for  nitrate  of  isoda.  The  jute  bags  used  in  shipment 
of  nitrate  of  soda  become  impregnated  with  the  nitrate,  which,  unless  thor- 
oughly removed  by  washing  with  water,   renders  the-  bags  very  inflammable. 

Barium   Chlorate.      (See  Chlorates.) 

Barium  Nitrate  consists  of  a  heavy  white  crystalline  salt,  which  is  a 
strong  oxidizing .  agent.  It  is  occasionally  used  in  explosives,  but  mostly 
to  produce  a  red  color  in  fireworks.  It  is  commonly  shipped  in  barrels 
or  boxes,  and  thus  packed  it  is  not  classed  as  dangerous  by  the  I.  C.  C. 
Regulations. 

Barium  Peroxide,  Barium  Dioxide,  Barium  Binoxide,  is  a  heavy  grayish 
white  powder  insoluble  in  water.  It  is  a  strong  oxidizing  agent  used  prin- 
cipally in  bleaching  and  in  the  manafacture  of  hydrogen,  peroxide*  It  Is 
incombustible  alone,  but  when  mixed  with  organic  matter  is  dangerously 
inflammable.  Mixtures  of  barium  peroxide  and  organic  aiatter  are  ignited 
by  friction  and  barium  peroxide  rubbed  between  wooden  surfaces  is  liable 
to  cause  tire.  It  is  classed  as  an  oxiditing  material  and  must  be  shipped 
in  metal  containers,  except  small  quantities  which  may  be  packed  in  bottles. 

Barrels,  Empty,  having  been  previously  filled  with  gasoline,  benzine,  naphtha, 
or  other  inflammable  liquids  should  be  shipped  with  bungs  closed,  as  interiors 
contain  inflammable  vapor  either  alone  or  mixed  with  air  in  propoftlons  to 
form  explosive  mixture.  Accidental  entrance  or  contact  with  spark  or  flame 
may  cause  lire  and  explosion. '  So-called  "  empty  barrels  "  often  still  confs«n 
a  small  quantity  of  the  inflammable  liquid  which  may  escape  in  handling  the 
barrel,  thus  causing  further  risk.     The  risk  is  not  considered  great,  however. 

Batting,  Dross,  consists  of  an  intimate  mixture  of  cotton  fiber  iind  rosin. 
It  is  formed  by  the  filtration  of  melted  rosin  through  raw  cotton'.  •  If 
ignited  it  burns  very  rapidly,  but  is  not  regarded  as  liable  to  spontaneous 
ignition.  It  is  not  classed  as  inflammable  by  the  I.  C.  C.  Regulations,  but 
it  is  not  accepted  by  steamship  companies. 

Benzene.      (See    Bensol.) 

Benzine  is  the  lighter  and  more  inflammable  distillate  from  crude  petroleum. 
It  is  of  varying  specific  gravity,  but  is  exceedingly  inflammable,  and  has  a 
well-known  characteristic  odor.  It  is  used  for  lighting,  heating,  power  and 
as  a  solvent.  The  flash  point  varies  with  different  grades,  but  is  approxi- 
mately o^   F.   or  below.     It  is  classed  as  an  inflammable  liquid. 

Benzol  is  a  clear,  colorless*  liquid  of  aromatic  odor,  distilled  from  coal 
tar.  It  is  very  inflammable,  having  a  flash  test  of  approximately  20"  F.  ^t 
is  classed   as   an    inflammable   liquid. 

Benzol,   Trinitro,   is   a  yellow  crystalline  solid.     It  is  a  high  explosive. 

Benzoyl  Chloride,  consists  of  a  clear,  colorless  Kquid,  having  ait  intensely 
irritating  and  offensive  odor.  It  is  combustible,  but  not  dangerously'  inflam- 
mable. It  is  not  classed  as  an  inflammable  liquid  by  the  I.  C*  C.  Regulations, 
but   is  refused   by  many  of  the  steamship  companies. 

Bichloride  of  Tin  (or  more  properly  Tetrachloride  of  Tin)  is  shipped  in 
two  forms.  In  the  anhydrous  condition  i^  is  in  the  form  of  a  heavy,  colorless, 
corrosive  liquid,  giving  off  fumes  on  exposure  to  the  air.  It  is  shipped  in 
battles,  carboys  and  in  iron  drums,  and  is  classed  as  a  corrosive  liquid.  It 
is  also  shipped  in  a  hydrated  condition,  in  the  form  of  white  crystals.  In 
this   form   it  is   not  classed  as  a  hazardous   article   for  transportation. 

Bichromate  of  Soda  and  Bichromate  of  Potash  are  yellow  crystalline  salts 
which  act  as  oxidizing  agents.  They  are  not  considered  hazardous  for 
railroad  transportation,  and  are  accepted  by  all  steamship  companies  so 
far   as   known.  Digitized  by  GOOgle 
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Bifiitro  Toluol  is  a  yellow  crystaUine  solid»  mielting  at  158°  F.  Material 
is  not  explosive  nor  dangerously  inflammable.  ,  In  appearance  it  strongly 
resembles   trinitrotoluol,    which    is   a    high   explosive. 

Blacking,  N.  O.  S.  Some  liquid  blackings  contain  a  volatile  inflammable 
liquid  solvent,  and  may  therefore  give  a  flash  test  of  So**-  F.  or  below, 
in  which  ca3e  they  will  be  classed  as  inflammable  liquids. 

Blacking,    Stove,    Liquid.      (Similar    to    above.) 

Blasting  Caps  consist  of  small,  hollow  copper  cylinders,  containing  fulmin- 
ate of  mercury  or  a  mixture  of  fulminate  of  mercury  and  potassium  chlorate. 
These  caps  are  used  for  detonating  dynamite  and  other  high  explosives.  They 
are   sensitive   to   shock   and  very  dangerous, 

Blaugas  is  a  colorless  inflammable  gas,  having  odor  similar  to  Pintsch  gas. 
It  is  formed  by  passing  mineral  oil  into  a  highly-heated  retort;  the  oil  is 
decomposed,  forming  gaseous  products^  The  ges  is  compressed  to  high 
presstK'e,  removing  liquids  that  condense  during  compression.  The  gas  is 
shipped  in  steel  cylinders  at  a  pressure  of  approximately  1,50b  pounds  per 
square  inch.     Cylinders  require  a  red    (gas)   label. 

Bleaching  Powder  is  a  heavy  white  powder  composed  chiefly  of  calcium 
hypochlorite.  It  is  often  known  under  the  name  of  chloride  of  lime.  It 
gives  off  chlorine  gas  when  heated  or  brought  In  contact  with  acids.  It 
also  gives  off  small  amounts  of  chlorine  when  exposed  to  the  atmosphere 
and  thus  may  cause  damage  to  other  freight.  It  is  not  classed  as  a  hazardous 
article. 

Blue  Billy,  or  Pyrites  Cinder,  is  the  residue  from  burning  pyrites  in  manu- 
facture of  sulphuric  acid.  It  is  a  heavy,  dark  red  material,  consisting  chiefly 
of   iron   oxide. 

Bombs,  Whistling,  are  fireworks  containing  small  quantities  of  potassium 
ptcrate,  a  high  explosive.  These  bombs  are  not  believed  to  be  specially 
hazardous  in  transportation,  but  are  classed  as  special  fireworks  on  account 
of   composition. 

Bromine  is  a  heavy,  reddish  brown  liquid,  which  at  ordinary  tempera- 
tures gives  off  poisonous,  suffocating  vapors  of  the  same  color.  Its*  odor  is 
very  irritating  to  the  eyes  and  throat.  Bromine  is  not  inflammable,  but  is 
corroBive  and  has  an  oxidizing  effect  on  organic  matter.  Owing  to  iti 
oxidizing  effect  it  causes  heatfhg  when  in  contact  with  organic  rtiatter  and 
may  cause  fire.  It  is  shipped  in  glass  bottles,  and  these  bottle  should  be 
packed  in  non-combustible,  mineral  packing.  It  is  classed  as  a  corrosive 
liquid  for  transportation  and  requires  a  white  label.  It  is  refused  by  many 
steamship  companies. 

Bronzing  Liquids  usually  contain  pyroxylin  or  soluble  cotton  dissolved  in 
volatile  inflammable  solvents.  Benzine  is  often  used  to  thin  the  solution, 
hence  flash  point  of  mixture  is  generally  very  low.  Risks  are  due  entirely 
to  inflammable  nature  of  the  solvent.     Classed  as  inflammable  liquid. 

Calcium  Carbide  is  a  grayish  black  solid  material  formed  by  fusion  of 
lime  and  coke  in  an  electric  furnace^  Addition  of  water  to  catcimn  carbide 
causes  formation  of  acetyletie  gas.  Carbide  is  not  explosive  or  inflanMnable. 
It  is  always  packed  in  tight  metallic  containers.  The  type  of  container  used 
for  this  material  shipped  by  water,  is  defined  by  the  Department  of  Com- 
merce.    Material  is  not  classed  as  a  hazardous  article  by  I.  C.  C.  Regulations. 

Calcium  Lights  and  Calcium  Light  Tubes  are  steel  cylinders  always  shipped 
in  pairs,  one  cylinder  containing  compressed  oxygen  and  the  other  compressed 
hydrogen  gas.  The  later  is  an  inflammable  gas,  and  requires  the  red  label, 
while  the  former  is  non-inflammable  and  requires  the  green  label. 

Calcium  Oxide  (Unslaked  Lime  or  Quicklime),  is  a  white,  solid  mass 
obteined  by  burning  limestone.     Material  is  incombustible,  but  combines  with 
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water,  givinig  off  a  great  heat,  sufficient  to  cause  ignition  of  surrounding 
substances.  Risks  of  transportation  are  due  to  contact  with  moisture  or  to 
hot  loading.  It  is  not  accepted  by  some  steamship  companies.  Tt  is  not 
classed  as  a  hazardous  article  by  the   I.   C.   C.    Regulations.    . 

Calcium  Phosphide  is  a  reddish  or  grayish  solid  mass,  which  decomposes 
on  contact  with  water,  forming  hydrogen  phosphide,  which  ignites  spon* 
taneously,  on  contact  with  air.  It  is  used  in  signal  fires.  It  is  classed 
as  an  inflammable  solid  by  I.  C.  >C.  Regulations,  and  is  refused  by  many 
steamship  companies.  When  shipped  it  must  be  packed  in  hermetically  sealed 
metal  cans  enclosed  in  metal  lined  wooden  boxes,  or  it  may  be  shipped  in 
securely    closed    iron    or   steel    barrels. 

Camphene  is  a  mixture  of  alco-hol  and  turpentine,  formerly  used  as  an 
illuminant  but  n»t  now  shipped.  Camphene  is  also  a  name  used  for  a  solid 
organic  substance  resembling  camphor,  which  is  not  dangerous. 

Caps,  Blasting  Caps,  Electric  Caps,  Exploders,  Detonators.  (See  Blasting 
Caps.) 

Caps,  Toy,  consist  of  small  portions  of  a  mixture  of  antimony  sulphide, 
red  phosphorus  and  potassium  chlorate,  between  two  layers  of  paper.  These 
caps  are  in  the  form  of  discs  forming  one  cap,  or  in  strips  forming  a 
number  of  caps.  Under  the  I.  C.  C.  Regulations  the'  weight  of  explosive 
material  in  a  single  cap  is  limited  to  0.35  grain.  Owing  to  the  small  size 
of  the  units  of  explosive  substance,  the  risks  of  transportation  are  small. 
The  caps  do  not  ignite  spontaneously,  nor  explode  in  mass  from  external 
causes,  except  when  the  units  exceed  the  legal  limit.  They  are  classed  as 
special  fireworks. 

Carbolic  Acid.      (See  Acid,   Carbolic.) 

(Carbon  Bisulphide  (Carbon  Bisulphide  or  Bisulphide  of  Carbon)  is  a 
heavy  clear  colorless  to  ytllow  liquid,  having  a  very 'offensive  and  char- 
acteristic odor.  It  gives  off  inflammable  vapors  at  o**  F.  This  vapor  ignites 
at  comparatively  low  temperatures,  a  spark  or  flame  not  being  required, 
as  temperature  of  a  high-pressure  steampipe  will  ignite  vapors.  Carbon 
bisulphide  is  used  as  a  solvent  for  oils,  fats,  sulphur,  phosphorus  and  rubber, 
also  to  kill  vermin.  It  is  classed  as  an  inflammable  liquid,  and  is  refused 
by  many  steamship  companies.  It  is  the  most  hazardous  of  any  of  the 
inflammable  liquids. 

Carbon  Black,  or  Lamp  Black,  consists  of  light  and  finely  divided  carbon. 
It  is  obtained  by  burning  oil  or  gas  with  a  smoky  flame.  It  is  used  as  a 
pigment.  It  is  considered  by  some  to  have  risks  of  spontaneous  ignition, 
but  is  not  classed  as  an  inflammable  solid.  Occasional  fires  in  shipments 
are  more  probably  due  to  sparks  remaining  from  the  manufacturing  process, 
or   to   external   sparks. 

Carbonic  Acid  Gas,  or  Carbon  Dioxide,  is  a  non-inflammable  gas,  which 
is  shipped  compressed  in  steel  cylinders.  It  is  used  in  making  carbonated 
beverages.  It  requires  a  green  label.  It  is  shipped  under  high  pressures, 
and  occasional  accidents  are  caused  by  bursting  of  the  cylinders.  These 
cylinders  are  more  liable  to  burst  if  exposed  to  heat,  or  if  roughly  handled. 

Carbon  Oil.     (See  Hydrocarbon.) 

Carbon  Tetrachloride  is  a  heavy,  colorless  liquid  of  aromatic  odor  resembling 
that  of  chloroform.  It  is  an  anaesthetic,  but  it  is  dangerous  to  heart  action. 
It  is  quite  volatile,  boiling  at  171°  F.,  but  is  entirely  incombustible.  It  is 
used  as  a  solvent,  and' as  a  fire  extinguisher.  It  is  not  classed  as  a  hazardous 
article  by  the   I.  C.  C.   Regulations. 

Celluloid  is  the  commonly  accepted  name  for  all  ■  pyroxylin  plastic  articles. 
It  is  the  trade  name  of  the  plastic  used  by  one  company  aiid  objection  has 
been   made  to  its  use  as  including  adl  such  plastics^.    It   U(^^^id^ material 
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made  from  nitrocellulose  and  camphor,  together  with  some  solvent.  It 
ignites  at  low  temperatures.  It  is  not  generally  accepted  by  the  steamship 
companies. 

Cellnloid  (Pyroxy<lin  Plastic)  Scrap,  consists  of  trimmings,  clippings,  and 
6ther  waste  obtained  in  the  manufacture  of  celluloid  articles,  from  the  sheets, 
rods  or  blocks  in  which  it  is  originally  manufactured.  Owing  to  its  finely 
divided  condition  it  is  more  hazardous  than  the  original  celluloid.  It  is 
classed  as  an  inflammable  by  the  I.  C.  C.  Regulations  and  is  not  accepted 
by  the  steamship  companies. 

Cement^   Leather.      (See   Cement,   Rubber.) 

Cement,    Shoe.      (See    Cement,    Rubber.) 

(dement.    Naphtha.      (See    Cement,    Rul^ber.) 

Cement,  Liquid,  N.  O.  S.,  may  be  a  roofing  cement  or  a  rubber  cement,  etc. 

Cement,  Roofing*  generally  consists  of  a  >  mixture  of  pitch,  tar  or  asphalt, 
with  some  more  or  less  inflammable  liquid  solvent.  The  inflammability  will 
depend  on  aknouilt.and  character  of  the  solvent  remaining  in  finished  cement. 

Cement,  Rubber,  is  a  heavy  solution  of  rubber  in  gasoline  or  carbon 
bisulphide.  It  is  highly  inflammable,  having  a  flash  test  at  or  near  o°  F. 
It  is  classed  as  an  inflammable  liquid. 

Charcoal  is  the  product  of  the  destructive  distillation  of  wood.  It  is>  a 
highly  porous  substance,  and  has  the  property  of  absorbing  great  quantities 
of  various  gases.  When  freshly  burned,  this  absorption  sometimes  proceeds 
so  rapidly  as  to  cause  the  spontaneous  ignition  of  the  coal.  Freshly  burned, 
wet,  or  flnely  divided  charcoal,  especially  the  hard  wood  charcoal  made  in 
ovens  ot  retorts,  is>  most  liable  to  this  risk.  It  is  classed  as  an  inflammable 
solid.; 

Charcoal  Tablets  are  small  tablets  made. by  compi^ession  of  powdtived  char- 
coal usually  mixed  with  some  binding  material.  Owing  to  the  small  bulk 
in  packages  and  the  presence  of  other  ingredients  these  tablets  are  not 
regarded  as  hazardous. 

Chemicals,  N.  O.  S.,  may'  include  materials  classed  as  inflammable  liquid, 
inflammable  solid,  oxidizing  material  or  corrosive  liquid. 

Chili    Saltpetre    (Sodium   Nitrate).      (See   Nitrates.) 

Chlorate   of   Barium.      (See   Chlorate.) 

Chlorate   of  -Potassium.      (See   Chlorate.) 

Chlorate  of   Sodium.      (See  Chlorate.) 

Chlorates  are  salts  of  such  bases  as  barium,  strontium,  sodium  and  potas- 
sium, etc.,  and  are  generally  spoken  of  as  barium  chlorate,  strontium  chlorate, 
sodium  chlorate,  and  potassium  chlorate.  There  are  also  chlorates  of  other 
bases,  but-  the  ones  mentioned  above  are  the  most  important..  All  the 
chlorates  are  in  the  form  of  white  crystalline  salts  and  are  strong  oxidizing 
agents.  Mixed  with  organic  matter,  they  form  very,  inflammable  mixtures, 
and  frequently  act  as  high  explosives,  when  imixed  with  flnely  divided  com- 
bustible material.  All  chlorates  vi^hen  br6ught  in  contact  with  sulphuric  acid 
are  liable  to  cause  fire  or  explosion.  Mixtures  of  chlorates  with  organic 
matter  may  be  ignited  by  friction.  Barium  chlorate  and  strontium  chlorates, 
are  principally  used  in  fireworks.  Potassium  chlorate  is  used  in. '  fireworks 
and  explos#eSj  Sodium  chlorate  is  used  to  some  extent  '  in  explosives. 
Chlorates  are  commonly  shipped  in  wx)oden  kegs  and  are  classed  as  6xidizlng 
materials  by  the  I.  C.  C.  Regulations.  Their  shipment  is  also  restricted  by 
the   Department  of  Commerce. 

Chlorate  Tablets.  Small  tablets  consisting  wholly  or  in  part  of  potassium 
chlorate  are  used  medicinally  for  sore  throat,  etc.  These,  if  In  large  bulk, 
possess  same  hazards  as  the  chlorate  in  any  other  form.  Packed  in  bottles 
in  small  units  they  possess  no  particular  risk.  Digitized  by  VjOOQIC 
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•  Chloride  of  Phosphorus,  or  i  Phosphorus  Trichloride  is  a  fuming»  coloi'tess 
liquid,  strongly  corrosive.  It  acts  strongly  on.  organic  matter,  producing 
great  heat.  Bottles  containing  this  liquid  should  be  packed  in'  non-combustible, 
mineral  packing.  It  is  classed  as  a  corrosive  liquid  by  the  I.  C.  C.  Regula- 
tions.    It  is  not  accepted  by  some  steamship  companieis. 

Chloride  of  Silicon  is  a  colorless  liquid^  fuming  strongly  in  air.  It 
has  a  st^ffocating  odor.  Mixed  with  water,  it  decomposes,  forming  hydro- 
chloric  acid.  It  is  classed  as  a  corrosive  liquid  by  the  I.  C.  C.  Regulations. 
It  is  not  accepted  by  some  steamship  companies. 

Chloride  of  Sulphur,  or  Sulphur  Chloride,  is  a  yellow  to  reddish  corroi^ve 
fuming  liquid.  It  is  a  solvent  for  sulphur,  and  is  used  in  vulcanizing  rubber. 
It  is  classed  as  a  corrosive  liquid^  by  the  I.  C.  C.  Regulations.  It  is  not 
accepted   by   some   steamship   companies.  ' 

Chlorine  Gas  is  a  heavy,  greenish  yellow  gas  of  suffocating^  <  irritating  odor. 
It  is  used  for  bleaching,  and  also  for  d^-tinning  iron,  afid  is  shipped  liquefied 
in-  steel  cylinders.  It  is  very  poisonous,  but  not  cpmbustible.  It  reqiiires  a 
green  label.     It  is  not  accepted  by  somre  steamship  companies. 

Chromic  Acid  (Anhydrous)  is  in  the  form  of  reddish  broD^n  crystals. 
Material  is  caustic  and  a  powerful  oxidizing  agent.  Mixed  with  organic 
matter  it  may  ignite  spontaneously  or  explode,  and  in  such  mixtures  it  is 
always  highly  combustible,  in  shipment  it  must  be  kept  away  from  organic 
matter  and  moisture.  It  is  classed  as  an  oxidizing  material.  It  ii  not 
accepted  by  some  steamship  con^panies. 

'  Cleaning  Fluids  frequently  consist  largely  of  gasoline,  naphtha,  or  other 
inflammable,  volatile  solvents,  in  which  case  they  are  glassed  as  infiammable 
liquids. 

Coal  Gas '  is  the  gas  obtained  by  the  destructive  distillation  of  bituminous 
coal.  It  is  chiefly  used  for  lighting  and  heating  purposes  in  towns  and 
cities,  being  distributed  for  this  purpose  through  pipes  at  very  low  pressure. 
A  relatively  small  amount  of  coal  gas  is  compressed  and  used  for  welding. 
The  compressed  gas  is  shipped  in  steel  cylindef-s;  the  maximum  pressure  to 
which  it  is  compressed  is  approximately  2,000  lbs.  per  sq.  inch.  For  trans* 
portation  purposes  it  is  classed  as  Compressed  Gas  Inflammable  and  requires 
a   red    (gas)    label. 

Coal   Oil.      (See    Kerosene.) 

Coal   Tar   Distillate.      (See   Benzole.) 

Coal   Tar   Naphtha.      (See   Benzole.) 

Coal    Tar  Oil.      (See    Benzole.) 

Collodion '  is  k  solution  of  nitrocellulose  in  a  mixture  of  ether  and  alcohol. 
It  has  a  flash  test  of  approximately  o^  F.  It  is  classed  as  an  inflammable 
liquid.  It  is  not  accepted  by  some  steamship  companies,  and  its  shipment 
is   restricted   by  the   Departmient  of   Commerce. 

Cologne    Spirits.      (See   Alcohol,   Grain.) 

Cotumbian    Spirits.      (See   Alcohol,   Wood*) 

Common  FireVrorks  include  all  that  depend  principally  upon  nitrates  to 
suppoit  combustion  and  not  upon  chlorates;  that  contain  no  phosphorus 
and  no  high  explosive  sensitive  to  shock  and  friction;  that  produce  their 
effect  through  color  display  rather  than  by  toud  noises.  If  %oi8e  is  the 
principal  object,  the  units  must  be  small  and  of  such  nature  and  manufacture 
that  they  will  explode  separately  and  harmlessly,  if  at  all,  when  one  unit 
is  ignited  in  a  packing  case.  They  must  not  be  designed  for  ignition  by 
shock  or  friction.  Examples  are  (^hinese  firecrackers,  Roman  candles,  rockets, 
pin   wheels,   colored   fires,   serpents,  railway   fusees,   flash   powders,  etc. 

Compounds,  Cleaning,  may  contain  gasoline  or  other  inflammable  solvents. 
In  this  case  they  will  be  classed  as  itifiatmnabk  liquids.        C^OOQIC 
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Compounds^  Polishing,  N.  O.  S.  Many  liquid  polishing  compounds  con- 
tain an  abrasive  material  held  in  suspension  by  gasoline  or  some  other 
inflammable    liquid. 

Compounds,  Type  Cleansing,  may  contain  gasoline  or  other  similaf  inflam' 
mable    liquid. 

Compounds,  Vulcanizing,  may  include  rubber  cements,  which  are  in' 
flammable  liquids,  or  sulphur  chloride,  which  is  classed  as  a  corrosive  liquid. 
Cordeau  detonant  is  a  fuse  consisting  of  a  thin  walled  lead  tub^  approxi' 
mately  i/6  inch  in  diameter  filled  with  flnely  powdered  trinittofoluol.  This 
cordeau  detonant  can  be  exploded  only  by  attaching  a  blasting  cap  to  the 
lead  tube  in  a  peculiar  way.  Otherwise  it  is  non-hazardous,  and  can  be 
shipped  without  any  restriction,  except  that  it  must  not  be  loaded  in  the 
same  package   with  blasting  caUps  or  high  explosive. 

Cotton.  This  material  is  generally  shipped  in  bales.  It  is  not  liable  to 
spontaneous  ignition,  but  is  readily  ignited  by  very  small  sparks,  and  is 
capable  of  maintaining  a  smoldering  combustion  for  a  humber  of  days 
before  breaking  openly  into  flame.  When  once  ignited  jt  is  impossible  to 
extinguish  Are  without  pulling  bales  entirely  apart.  The  cotton,  if  contam- 
inated with  animal  or  vegetable  oils,  is  liable  to  spontaneous  ignition.  In 
this  way  linseed  oil  is  the   greatest  hazard. 

Cotton,  Burnt,  is  cotton  which  has  been  on  Are,  and  hais  not  been  subse- 
quently repicked  and  rebaled.  Such  cotton  is  liable  to  retain  Are'  inside 
the  bales,  and  maintain  a  smoldering  combustion  for  a  long  time,  aiid  ulti- 
mately break  out  into  open  flame.  This  "  burnt  cotton  *'  is  classed  as  a 
yellow  label  inflammable,  and  must  not  be  offered  or  accepted  for  shipment 
until  not  less  than  five  days  have  elapsed  ^ince  the  last  evidence  of  Are  in  it. 
Cotton,    Soluble.      (See   Nitrocellulose.) 

Cotton,  Waste,  of  itself  is  not  liable  to  spontaneous  ignition,  but  when 
oily  or  greasy  with  animal  or  vegetable  oils,  it  is  liable  to  spontaneous 
heating  and  ignition.  The  ordinary  oily  cotton  wastes  contain  mineral 
lubricating  oils,  and  are  not  liable  to  spontaneous  heating.  Cotton  waste 
containing  more  than  5  per  cent  animal  or  vegetable  oils  is  a  forbidden 
article   under   the    I.    C.    C.    Regulations. 

Cresote,  or  Cresote  Oil,  is  a  heavy,  bi^wnish  Kquid  of  peculiar,  char- 
acteristic, penetrating  odor.  It  is  combustible,  but  the  flash  point  is  high. 
It  is  used  largely  as  a  preservative  for  lumber.  Shipment  is  refused  by 
some  steamship  lines  on  account  of  objectionable  odor.  Its  shipment  is 
restricted  by  the   Department  of  Commerce.  / 

Creosoted   Lumber  is  lumber  which  has  been  treated  with   creosote.     Ship- 
ment is   refused   by   some   steamship   lines   on   account  of   objectionable   odor. 
Crude  Oil,  as  it  cootes  from  the  well  is  a  heavy,  oily  liquid,  having  color 
varying    from    green   to    almost   black.      It   usually    has    a    disagreeable   odor, 
and    varies    in    inflammability ■  according   to    percentage    of    mare    volatile   in- 
gredients.     Crude  oils  produced   in   the   east  are    generally   very   inflammabte, 
while  many  of*  those  from  the  south  and  west  have  flash  point  above  loo**   F.  , 
Crude   Petroleum.      (See   Crude   Oil.) 
Cyanide   of   Potash.      (See   Potassium   Cyanide.) 

Cymogen  is  one  of  the  most  volatile  of  the  distillates  from  crude  petroleum. 
It  has  a  flash  test  of  0®  F.  It  is  classed  as  an  inflammable  liquid.  This 
term  is  but  little  used. 

Dental    Gas    is    nitrous    oxide    gas.      Is    a    colorless,    incombustible    gas    of 

pleasant  odor.     It  is  shipped  compressed  and  liquefied  in  steel  cylinders.      It 

is   used  as   an   anaesthetic   by   dentist^,   but   is   not   otherwise    hazardous.      It 

requires  a  green   (gas)  label. 

Desiccated  Leather  Scrap  consists  of  leather  scritp  that  lias  been  digtoted 
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with  steam,  either  with  or  without  addition  of  acid,  and  then  dried  and 
powdered.  The  drying  is  frequently  of  such  nature  as  to  partially  char 
the  material,  causing  the  freshly  finished  product  to  be  subject  to  spontaneous 
ignition   in   same   way   as    freshly   burned   charcoal. 

Detonating  Fuses  are  used  to  detonate  the  high  explosive  bursting  charges 
of  projectiles  or  torpedoes.  In  addition  to  a  powerful  detonator  they  may 
contain  several  ounces  of  a  high  explosive,  such  as  picric  acid  or  dry 
nitrocellulose,  all  assembled  in  a  heavy  steel  envelope,  the  flying  fragments 
of  which,  in  case  of  explosion,  would  be  very  dangerous.  From  their  careful 
design,  manufacture*  and  packing,  detonating  fuses  are  not  liable  to  be 
exploded  in  transportation  except  by  fire  of  considerable   intensity. 

Detonators.      (See    Blasting   Caps.)  *    . 

Dip,    Sheep,    sometimes    contains    inflammable    liquid    ingredients. 

Disinfectants,  Liquid.  Some  few  liquid  disinfectants  may  contain  inflam- 
mable liquids,  and  as  such  would  be  so  classed.  Most  of  the  liquid  disin- 
fectants are  not  classed  as  inflammable,  but  are  sometimes  objectionable  on 
account  of  odors  ^of  essential  oils  or  formaldehyde. 

Distillates  may   include  petroleum  or  coal  tar  products  of  low  flash  point. 

Drier,  Paint,  and  Japan,  N.  O.  S.  If  liquid,  may  include  volatile  solvents, 
and   require   classification   as   inflammable   liquid. 

Driers  are  liquids  added  to  paints  or  varnishes  to  improve  their  drying 
qualities.  They  frequently  contain  volatile  solvents  such  as  benzine  and 
may   therefore   be   classed   as  inflammable   liquids. 

Dross,  Lead,  is  a  term  properly  applied  to  the  material  skimmed  from 
the  surface  of  molten  lead.  This  material  when  cold  is  entirely  non- 
hazardous.  The  term  is  sometimes  improperly  applied  to  the  scrap  from 
the  lead  chambers  used  in  making  sulphuric  acid.  This  material  is  more 
.  or  less  saturated  with  sulphuric  acid  and  is  commonly  refused  by  steam- 
ship  lines. 

Dross,  Zinc,  is  a  term  properly  applied  to  the  material  skimmed  from 
the  surface  of  modern  zinc,  and  is  a  by-product  of  galvanizing  iron.  This 
dross  is  entirely  non-hazardous.  The  term  zinc  dross  is  sometimes  applied 
to   zinc  dust,  which  is  an  inflammable  solid  under  the  I.   C.   C.   Regulations. 

Drugs,   N.    O.    S.      (See   Chemicals,   N.   O.    S.) 

Drums,    Empty.      (See   Barrels,    Empty.) 

Dynamite  is  any  high  explosive  formed  by  the  mixing  of  nitroglycerin  with 
an    absorbent   material   so   as   to   form   a   plastic   solid. 

Electric  Primers  consist  of  small  brass  tubes  containing  compressed  black 
powder  and  small  pieces  of  platinum  resistance  wire.  Copper  wires  are 
attached  externally  to  one  end  of  primer,  which  bears  a  slight  superficial 
resemblance  to  an  electric  blasting  cap.  Electric  primers  are  used  for  firing 
cannon,  and  are  comparatively  safe  for  shipment.  When  accepted  for  either 
rail  or  boat  shipment,  they  must  be  packed  and  marked  according  to  I.  C.  C. 
Regulations. 

Eradicator,  Paint  or  Grease,  frequently  contains  ether  or  gasoline,  and  is, 
therefore,   then   classed   as   an   inflammable   liquid. 

Ether  (Sulphuric  Ether)  is  a  clear,  colorless,  highly  volatile ,  and  inflam- 
mable liquid.  It  has  a  peculiar  pungent  odor,  boils  at  temperature  of  97°  F. 
and  gives  a  flash  test  at  0°  F.  It  Is  made  by  treatment  of  alcohol  with 
sulphuric  acid.  It  is  used  medicinally  els  an  anaesthetic,  technically  as  a 
solvent  of  fats,  oils,  rosins,  etc.,  and  mixed  with  alcohol  as  a  solvent  for 
nitrocellulose  in  manufacture  of  smokeless  powder.  It  is  classed  as  an 
inflammable  liquid.  Its  shipment  is  restricted  by  Department  of  Commerce, 
and  It  is  not  accepted  by  many  steamship  companie|^izedbyC:iOOQlC 
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Ether,  Petroleum,  is  a  very  light  and  volatile  petroleum  distillate.  It  is 
more  inflammable  than  ordinary  gasoline,  and  is  principally  used  as  a  solvent. 

Ethyl  Acetate.      (See   Acetate   of   Ethyl.) 

Ethyl  Alcohol.     (See  Alcohol,  Grain.) 

Ethyl  Chloride  is  a  colorless  highly  volatile  and  inflammable  liquid,  which 
boils  at  55°  F.  Consequently,  unless  confined  in  hermetically  sealed  con- 
tainers, it  will  immediately  evaporate  at  ordinary  temperatures.  It  is  uised 
as  an  anaesthetic.  It  is  the  usual  practice  to  ship  this  material  in  sealed 
glass  or  metal  tubes,  and,  on  account  of  the  secure  method  of  packing  and 
small  quantity  shipped,  it  is  not  mentioned  in  the  list  of  dangerous  articles 
in   the   regulations. 

Ethyl  Methyl  Ketone  is  a  colorless  inflammable  liquid,  somewhat  resembling 
acetone  in  its  properties,  and  is  used  for  a  similar  purpose.  It  has  a  flash 
point   of   approximately    30°    F.      It    is   classed    as   an   inflammable   liquid. 

Ethyl  Nitrite  Is  a  thin,  yellowish  liquid,  boiling  at  61°  F.  It  is  exceed- 
ingly volatile  and  inflammable,  and  has  an  odor  somewhat  like  apples.  It 
may  ignite  spontaneously  in  storage  at  a  temperature  of  194**  F.,  or  if 
mixed  with  fat  or  other  organic  matter  at  167°  F.  It  is  usually  shipped  in 
alcoholic  solution  containing  15  per  cent  ethyl  nitrite.  This  solution  is  also 
exceedingly  volatile  and  inflammable.  Ethyl  nitrite,  either  pure  or  in  15 
per  cent  solution,  should  be  packed  in  sealed  glass  tubes.  It  is  chiefly  used 
in  making  spirits  of  nitrous  ether,  a  medicinal  preparation  containing  4  per 
cent  ethyl  nitrite.  Spirits  of  nitrous  ether  is  somewhat  more  inflammable 
than  ordinary  alcohol.  All  of  these  preparations  are  classed  as  inflammable 
liquids. 

Excelsior  is  shredded  wood  used  as  a  packing  material.  Owing  to  its 
finely  divided  form,  it  is  readily  ignited  by  sparks,  and  therefore  not  carried 
by   some   steamship   lines. 

Explosive  Projectiles,  or  loaded  shells  for  use  in  cannon,  are  not  liable 
to  be  exploded  except  by  fire  of  considerable  intensity,  and  the  flying  frag- 
ments would  then  be  very  dangerous. 

Extracts,  N.  O.  S.  Extracts  may  be  dried  powders,  water  solutions,  or 
alcoholic  solutions;  in  the  last  case  they  may  be  classed  as  inflammable  liquid. 

Ferro   Silicon   is   a   compound   of   iron   and   silicon.      It   occasionally   gives 

'  off  poisonous  gas  when  in  large  bulk,  and  especially  if  wet.     When  shipped 

by  water,  should  be  on  deck  or  in  well-ventilated  portion  of  hold  away  from 

quarters  of  passengers  and  crew.     It  is  not  classed  as  a  dangerous  article  for 

rail  transportation,  but  is  not  accepted  by  some  of  the  steamship  companies. 

Fertilizers.  Mixed  or  complete  commercial  fertilizers  have  littie  or  no 
fire  hazard.  Separate  ingredients  such  as  desiccated  leather  scrap  or  tankage, 
spent  iron  oxide,  garbage  tankage  and  partially  charred  organic  residues,  are 
often  improperly  shipped  under  the  name  of  fertilizer.  Some  of  these 
ingredients  in   bulk  are  liable  to  spontaneous  ignition. 

Fiber.  Commercial  fibers,  such  as  cocoa,  jute,  palmetto,  etc.,  are  required 
to  be  baled  for  shipment,  and  owing  to  inflammability,  aire  not  accepted 
at  all  by  some  steamship  lines,  and  only  utider  certain  restrictions  by  others. 

Fiberloid.     (See  Celluloid.) 

Fillerine  (fertilizer  ingredient)  is  waste  iron  oxide  which  has  been  used 
for  the  purification  of  coal  gas.  It  Is  liable  to  spontaneous  combustion  on 
exposure  to  air.  It  is  added  to  fertilizers  to  produce  bulk  rather  than  for  any 
fertilizing  value. 

Fire,  Colored  or  Tableau,  are  pyrotechnic  mixtures  for  illuminating  and 
signal  pun^bses.  These  mixtures  usually  contain  chlorates,  and  often  sulpbtur.. 
Mixtures    containing    both    chlorate    and    sulphur    are    liable    to    spontaneoua 
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ignition.  All  such  mixtures  are  classed  as  common  fireworks  when  accepted 
for   shipment.      • 

Fireworks  include  everything  that  ^is  designed  and  manufactured,  pri- 
marily, for  the  production  of  pyrotechnic  effects.  They  consist  of  common 
fireworks    and    special    firewcrks. 

Flue  Dust  consists  of  finely  divided  dust,  either  carbonaceous  in  form  of 
soot,  or  metallic,  containing  zinc,  etc.  Some  of  these  dusts  cont.-iin  large 
proportion  of  zinc  in  a  metallic  condition,  and  these  are  inflammable.  Others 
contain    zint    as    oxide    and    are    non-hazardous. 

Freezing  Point  of  Alcoholic  Liquids,  etc.  The  freezing  points  of  mixtures 
of  ethyl  alcohol  and  water  are  given  in  Landolt  &  Bornstein's  tables.  They 
are   as   follows: 

Per  Cent.  '  Freezing 

Alcohol.  Point. 

2.4% 30.2°   Fahr. 

5.0% 28.4°       " 

8.1% 26.0° 

17.9%. i8.S°       " 

36.4%. 3.2* 

51.0% — 10.0° 

86.2% —30.0°       *• 

It  will,  therefore, .  be  seen  that  practically  all  alcoholic  liquors  are  liable 
to  freeze  in  extreme  temperature  at  times  prevalent  in  the  Northwest.  .  While 
it  ■  is  possible  to  freeze  some  other  liquids,  water  or  water  solutions  are  the 
only  ones  which  expand  on  freezing. 

It  is  believed  that  no  damage  will  result  #rom  the  freezing  of  any  liquid 
othei-  than  alcoholic  liquors,  or  other  liquids  which  consist  of  solutions 
ill    water. 

Fusees  are  colored  fire  mixtures  placed  in  pasteboard  tubes.  Mixtures  some- 
times contain  both  sulphur  and  chlorate,  and  in  this  case  are  somewhat  liable 
to  sponta«»eous  ignition,  especially  if  old  or  damp.  Must  be  designated  as 
common  fireworks  for  shipment.  Potassium  perchlorate  is  at  present  being 
much  substituted  for  potassium  chlorate  in  these  products,  much  reducing 
the  chances  of  accidental  or  spontaneous  ignition. 

Fuses,  Platinirm,  Are  made  from  platinum  wire,  and  are  used  as  igniters 
over  gas  jets,  etc.,  causing  ignition  when  exposed  to  coal  gas  or  alcoholic 
vapors. 

Fulminate  of  Mercury  is  a  heavy  grayish  powder  of  crystalline  form.  It 
is  formed  by  the  action  of  nitric  acid  and  alcohol  on  metallic  mercury.  This 
material  is  one  of  the  most  sensitive  and  dangerous  of  explosive  substances. 
It  is  used  principally  in  the  manufacture  of  detonators,  blasting  caps  and 
primers. 

Fulminate  of  Silver  is  a  grayish  white  crystalline  material  used  in  toy 
torpedoes.  It  is  even  more  sensitive  than  mercury  fulminate,  and  cannot 
be   shipped   in   bulk  by   rail. 

Fu^el  Oil  (Amyl  Alcohol)  consists  of  a  colorless  to  yellowish  liquid  having 
a  penetrating,  disagreeable  odor  resembling  that  of  bad  whiskey.  It  is  pro- 
duced in  the  fermentation  of  starch  and  sugar,  and  is  separated  from  grain 
alcohol.  Fusel  oil  being  a  mixture  of  various  higher  alcohols,  and  varying 
in  purity,  has  no  definite  flash  test.  So  far  as  known  all  the  commercial 
fusel  oil  has  a  flash  point  above  80°  F.  and  is  therefore  not  classed  as  an 
inflammable  liquid.  The  flash  point  is  commonly  from  100*?  to  110°  F.  It 
is  generally  accepted  by  the  coast  steamship  companies,  and  much  is  imported. 

Garbage  Tankage,  a  product  from  digestion  and  extraction  of  garbage, 
consists  mainly  of  vegetable  fibers;  it  sometimes  causes  spontaneous^ j^ition 
flhd  is  refuised  by  some  steamship  companies. 
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Gas  Oil  may  be  a  product  of  low  flash  point. 

Gasoline.      (See   Benzine.) 

Gas  Purifying .  Waste   (fertilizer  ingredient).      (3ee  Iron  Mass,   Spent.) 

Grease  Eradicator..    (See  Eradicator.) 

Greek  Fire  is  colored  fire  mixture  used  for  pyrotechnic  purposes.  Must 
be  designated  as  common  fireworks. 

Gun   Cotton.      (See   Nitrocellulose.) 

Hay,  Baled,  owing  to  its  inAammability,  is  not  accepted  by  som^  steam- 
ship lines. 

Hemp,  when  baled,  is  accepted  by  some  stean^ship  lines  and  not  by  others. 
When   loose   it   is  accepted   by  none. 

High  Wines.      (See  Alcohol,  Grain.) 

Hydrocarbon  is  a  liquid  that  condenses  on  compression  of  Pintsch  gas. 
It  is  highly  inflammable,  having  a  flash  test  of  o° .  F:  It  is  classed  as  an 
inflammable    liquid. 

Hydrochloric   Acid.      (See   Acid,    Hydrochloric.) 

Hydrogen  Gas  is  a  colorless,  odorless,  inflammable  gasi,  shipped  compressed 
in   steel  cylinders.     It  requires   red    (gas)   label. 

Hydrofluoric  Acid.      (See  Acid,  Hydrofluoric.)   . 

Hydrocyanic  Acid.     (See  Acid,  Hydrocyajiic.) 

Insect  and  Vermin  Destroying  Preparations  frequently  contain  carbon 
bisulphide,  gasoline,  naphtha  or  ot|ier  inflammable  liquids.  "Such  prepara- 
tions are  classed  as  inflammable  liquids. 

.  Iron  Mass  is  a  mixture  of  wood  shavings  with  a  hydrated  ferric  oxide.  If 
carefully  made  and  properly  oxidized,  it  is  entirely  safe.  If  an  undufe 
amount  of  unoxidized  iron  remains,  further  oxidation  is  liable  io  occur, 
causing  suflicient  heat  in  closely  packed  material  to  cause  fire.  Materjial 
is  used  to  remove  sulphur  from  coal  gas.  If  properly  preparcfd  it  is  not 
classed  as  an  inflamqiable  by  the  I.  C.  C.  Regulations,  but  if  not  properly 
prepared  it  is  a  forbidden  article  and  is  refund  by  most  of  the  steamship 
companies.  If  not  properly  oxidized  it  is  classed  as  a  forbidden  article  by 
the  I.   C.   C.  Regulations. 

Iron  Mass,  Spent  (Iron  Sponge,  Spent)  consists  of  the  iron  mass  or  sponge 
aff-er  saturation  with  sulphur  in  gas  purification.  The  spent  material  is 
liable  to  spontaneous  combustion  on  exposure;  to  air.  At  the  present  time 
there  is  ^ttle  traflic  in  this  material. 

Iron   Sponge.      (See   Iron    Mass.) 

Iron   Sponge,   Spent.      (See   Iron   Mass,    Spent.) 

Japan    Drier.      (See    Drier,   Japan.) 

Iron  Turnings,  Borings,  FiUngs,  when  in  large  bulk,  have  a  fire  hazard, 
as  tliey  oxidize  spontaneously  if  wet  and  the  oxidation  may  produce  eil0jug^ 
iM^at  fcr  ignition.  This  risk  is  not  sufficient  to  cause  material  to  be  dashed 
Hi  inOammable  by  I.  C.  C.  Regulations  and  material  is  accepted  by  stean:- 
slip  companies. 

Kerosene  is  a  petroleum  distillate  commonly  used  Cor  lighting  purposest 
It  has  a  flasn. point  approximately  115-125''  F.,  and  is  not  classed  as  an  in 
flammable  liquid  by  the  I.  C.  C.  Regulations.  It  is  not  accepted  by  some 
of   the  steamship  companies. 

Ketone,  Mclhyl  or  ^thyl.      (See  Ethyl  Methyl  Ketone.) 

Laboratory    Supplies,   N.    O.    S.      (See   Chemicals,    N.    O.    S.)  . 

I^acqtior  usually  consists  essentially  of  nitrocellulose  dissolved  in  a  v<3latile 
solvent  or  a  mixture  of  volatile  solvents.  Inflammability  depends  on  Ahe 
character   of    tliese   solvents.      It   is   classed   as   an    inflammable   liquid. 

Lacquer  (Shellac)  consists  of  a  solution  of  shellac  in  alcoliol  and  Ibas  a 
flash  test  of  about  40-70°  F.    It  is  classed  as  an  inflainmabl€Mi4i^0.Q[C  . 
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Lead  Nitrate  is  a  heavy  white  translucent  salt,  which  is  an  oxidizing 
agent.  It  is  used  medicinally,  and  in  the  color  industry.  It  is  commonly 
shipped  in  barrels  and  boxes  and  when  so  packed  is  not  classed  as  an 
oxidizing  material  by  thei  I.   C.   C.   Regulations. 

Leather  Cement  is  a  solution  of  rubber  in  gasoline  or  carbon  bisulphide, 
and  is  consequently  very  inflammable,  having  a  flash  test  of  approximately 
o''  F.     It  is  classed  as  an  inflammable  liquid. 

Leather  Meal.     (See  Dessicatcd  Leather  Scrap.) 

Leather  Scrap.     (See  D^ssicated  Leather  Scrap.) 

Ligroin  is  the  more  volatile  distillate  from  crude  petroleum;  it  has  a  flash 
test  of  0°  F.  It  is  classed  as  an  inflammable  liquid.  This  term  is  seldom 
used.  I 

Lime.     (See  Calcium  Oxide.) 

Light  Oil.     (See  Benzole.) 
.    Liniments    frequently    contain    crude    petroleum,    ether,    alcohol    and    otber 
volatile    inflammable    liquids. 

Liquid   Bronze.      (See   Bronzing   Fluids.) 

Liquids,   N.   O.    S.     Classification   depends   on   character. 

Liquefied  Petroleum  Gas  is  the  liquid  condensed  by  compressing  the  gas 
fror^  petroleum  oil  wells,  known  as  casing  head  gas.  For  transportation 
purposes  the  term  is  applied  only  to  such  products  whose  ^vapor  tension  at 
100**    F.  exceeds   10  lbs.  per  square  inch. 

When  the  vapor  pressure  at  100°  F.  does  not  exceed  10  lbs.  per  square 
inch,  it  may  be  shipped  as  gasoline.  When  the  vapor  pressure  at  100**  F. 
lies  between  10  lbs.  and  25  lbs.  per  square  inch,  shipments  must  be  made 
in  metal  kegs,  drums  or  barrels  complying]  with  I.  C.  C.  Specification  No.  5, 
or  in  specially  built  tank  cars.     Such  material  is  classed  as  inflammable  liquid. 

When  the  •  vapor  pressure  at  100°  F.  exceeds  25  lbs.  per  squat  e  inch, 
material  must   be  shipped   as  a   compressed  gas. 

Luxor  Oil  is  a  trade  name  for  a  certain  make  or  grade  of  petroleum 
oil  used  for  burning  and  Illuminating.  It  is  not  classed  as  an  inflammable 
liquid. 

Magnesium,  Metallic,  is  a  white  metal;  in  mass  it  is  non-hazardous,  but  in 
form  of  powder  or  ribbon  it  is  highly  inflammable,  burning  with  intense 
heat  and  light.  It  is  used  in  flashlight  powder  and  pyrotechnics.  In 
powdered  form  it  is  classed  as  an  inflammable  solid. 

Matches,  *'  Strike  Anywhere "  usually  contain  phosphorus  sesquisulphidt 
and  potassium  chlorate,  together  with  other  ingredients.  Under  the  present 
Federal  law  the  manufacture  or  importation  of  matches  containing  yellow 
or  white  phosphorus  is  not  probable.  The  new  matches  are  non-poisonous, 
but  have  about  the  same  fire  hazards  as  those  containing  the  yellow  or  white 
phosphorus.  The  temperature  of  Ignition  is  much  higher  than  with  the  old 
phosphorus  match,  but  sensitiveness  to  impact  and  friction  is  about  the  same. 
The  risks  in  transportation  are  about  the  same  as  with  the  old  match.  When 
a  package  of  matches  is  ignited  by  impact  or  friction,  the  head  composi- 
tion bums  off  the  matches,  and  the  fire  generally  goes  out  unless  the  package 
is  broken.  If  the  package  is  broken,  allowing  access  of  air,  the  fire  will 
continue.     Strike  Anywhere  Matches  are  classed  as  inflammable  'solids. 

Matches,  N.  O.  S.,  may  be  either  "  strike  anywhere  "  or  "  strike  on  box  " 
matches.     In   former  case  they  are  classed  as  inflammable. 

Matches,  '*  Strike  on  iJox,"  are  those  that  are  supposed  to  strike  only 
on  the  prepared  surface  of  the  box.  They  can,  however,  usually  be  ignited 
by  rubbing  on  glass,  linoleum,  or  on  a  smooth,  unvarnished  surface.  The 
active  principle  of  the  head  composition  is  potassium  chlorate,  while  the 
prepared  surface  on  box  contains  red  phosphorus.     Digitized  by  CjOOQ IC 
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Editor's  Note. — The  Underwriters*  Laboratories  label  one  manufacturer's 
matches  as  meeting  the  following  requirement: 

Class  A,  or  Strike-on- Box. — These  have  heads  made  of  a  stable 
chemical  compound  with  heat  ignition  point  exceeding  340  degrees 
Fahrenheit  and  with  low  susceptibility  to  ignition  by  shock  and 
with  the  explosive  character  and  the  fly  hazard  during  combustion 
reduced  so  far  as  is  at  present'  practicable  for  this  type  of  match 
and  have  strong  splints,  treated  to  prevent  afterglow. 

Qass  B,  or  Strike-Anywhere. — These  have  heads  made  of  stable 
chemical  compounds  with  heat  ignition  point  exceeding  300  degrees 
Fahrenheit,  and  especially  well  safeguarded  against  ignition  by 
shock,  with  practically  no  explosion  or  fly  hazard  during  com- 
bustion and  with  the  inert  bulb  (not  ignitible  by  friction)  prevent- 
ing to  a  large  degree  the  accidental  ignition  of  the  tip,  and  have 
strong  splints  treated  to  prevent  afterglow. 

Mercuric  Chloride,  or  Corrosive  Sublimate,  is  a  heavy  white  salt  in  form 
of  powder  or  lumps.  It  is  very  poisonous,  but  not  otherwise  hazardous  for 
shipment.      It  is   not   accepted  by  some   steamship   lines. 

Metallic  Potassium  and  Metallic  Sodium  are  soft  white  metals  of  silvery 
lustre  on  freshly  cut  surface,  similar  in  appearance  to  freshly  exposed  surface 
of  lead.  These  metals  are  very  readily  oxidized,  aind  contact  with  water 
will  cause  ignition.  They  are,  therefore,  packed  in  mineral  oil  to  protect 
from  air  or  water,  or.  in  hermetically  sealed  tin  cylinders  or  metal  drums. 
The  chief  risk  with  these  metals  is  that  they  may  be  brought  In  contact 
with  water.     They  are  classed  as  inflammable  solids. 

Metal  Polish,  Liquid.      (Sec  Polish.) 

Methyl  Alcohol.      (See  Alcohol,   Wood.) 

Mirbane  Oil,  or  MonO'Nitro-Benzol,  is  a  heavy  oily  liquid  of  yellow  to 
brownish  color,  and  having  the  odor  of  bitter  almonds.  Material  is  not 
very   inflammable,   having  a  flash   test   of  approximately   200°    F. 

Moss,  Horida.  This  material,  owing  to  flbrous  nature,  is  readily  ignited 
by   sparks,   etc. 

Moving  Picture  Film  consists  largely  of  nitrocellulose  and  has  risks  similar 
to  pyroxylin  plastics,  but  to  a  greater  degree.  Material  may  be  ignited  by 
sparks  or  by  proximity  tc  steam  pipes  or  other  sources  of  heat.  Material 
when  ignited  burns  with  extraordinary  and  almost  explosive  rapidity.. 
Rolls  of  films  should  be  packed  in  strong  and  tight  boxes,  complying  with 
the  I.  C.  C.  Regulations.  They  are  classed  as  inflammable  solids  when  shipped 
by  express.  There  are  some  non-inflammable  films  made  of  cellulose  acetate. 
Owing  to  the  higher  cost,  and  lack  of  durability  of  this  kind  of  film,  the 
amount   used   is    negligible. 

Muriatic    Acid.      (See    Acid,    Hydrochloric.) 

Naphthal       (See    Benzine    or    Benzol.) 

Naphtha  Cement.      (See   Leather   Cement.) 

Naphtha,   Coal  Tar.     (See   Benzol.) 

Naphtha  Soap  is  a  soap  said  to  contain  a  small  percentage  of  naphtha. 
This  soap  is  alleged  to  have  caused  fire  and  explosion  several  years  ago 
in  a  ship's  hold  at  Liverpool.  It  is  not  received  by  some  of  the  steamship 
lines,  but  is  not  classed  as  an  inflammable  by  the  I.  C.  C.  Regulations. 

Naphtha,    Wood.      (See    Alcohol.) 

Naphthalene  (Coal  Tar  Camphor)  is  a  white  crystalline  solid,  having  odor 
somewhat  similar  to  camphor.     Material  is  readily  ignited  by  spal^^lC 
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Negative .  ■  Cotton.      (See    Nitrocellulose. ) 

Neutral  Spirits.     (See  Alcohol,  Grain.) 

Nai^te  of  Bariuin.     (See   Barium  Nitrate.) 

Nitrate  of  Lead.     (See  Lead  Nitrate.) 

Nitrate    of    Potassium.      (See    Potassium    Nitrate.) 

Nitrate    of    Soda.      (See    Sodium    Nitrate.) 

Niti-att   of   Strontia.      (See    Strontium   Nitrate.) 

Natkte.  -  (See   Potassium   Nitrate.) 

Nitrite.      (See    Sodium   Nitrite.) 

Nitric   Acid.      (See   Acid,   Nitric.) 

Nitrating    Acid.      (See    Acid,    Mixed.) 

Nitro- Benzol.      (See  Mirbane  Oil;   see  Trinitro   Benzol.) 

Nitrocellulose  is  formed  by  the  nitration  of  Cotton  by  treatment  with  a 
mixture  of  nitric  and  sulphuric  acids.  After  removal  of  acid  the  product 
is  dried.  It  then  has  the  same  physical  form  as  the  original  cotton,  but  is 
highly  inflammable  and  explosive.  Sometimes  the  nitrocellulose  is  pulped 
before  drying,  and  is  then  in  form  of  a  fine  light  powder  rather  than  in 
fibrous   condition. 

NkroeeUulose  when  dry,  is  shipped  under  requirements  for  higli  explosives. 
When  .wet  with  volatile  solvent  or  dissolved  in  solvents  it  is  classed  as  an 
inflammable  liquid.  When  wet  with  not  less  than  20  per  cent  of  water 
it  is  classed  as  an  inflammable  solid. 

Nitroglycerin  is  obtained  by  nitration  of  glycerin  with  a  mixture  of  nitric 
and  sulphuric  acids.  It  is  a  heavy  oily  liquid  of  yellowish  color  resembling 
glycerin  in  appearance.  It  is  highly  explosive  and  dangerous,  and  shipment 
is  pr<Aibtted. 

Nitroglycerin'  Spirits  is  a  solution  of  nitroglycerin  of  not  more  than  10 
per  cent  strength  in  grain  alcohol.  It  is* used  for  medicinal  purposes.  The 
inflammability  of  this  solution  is  the  same  as  that  of  grain  alcohol.  It  is 
not  explosive,  but  rupture  of  package  may  allow  alcohol  to  evaporate,  and 
thus  leave  the  explosive  nitroglycerin.  On  account  of  the  practice  of  shipping 
this  article  in  small  units,  seldom  exceeding  four  ounces  of  one  per  cent 
solution,  in  quantity,  it  is  Aot  mentioned  in  the  list  of  dangerous  articles 
in  tJM  regulations. 

Nitrotoluol.  There  are  various  compounds  shipped  as  nitrotc^uol,  for 
example,  dinitrotolnol,  mononitrotoluol,  and  trinitrotoluol,  some  liquid  and 
90tn6  solid.  None  of  the  liquid  nitrotoluols  are  explosive  or  dangerous.  Of 
the  solid  nitrotoluols,  trinitrotolnol  is  the  only  one  classed  as  a  high  explosive. 

Nitrous   Ether,      (See   Ethyl   Nitrite.) 

Oil,  Dead*  is  the  heavy  oil  distilled  from  coal  tar  after  the  distillation 
of  the  light  oil.  This  heavy  oil  is  not  very  inflammable,  having  a .  high 
boiling  point  and  flash  test.  It  is  not  classed  as  an  inflammable  liquid  by 
the  I.  C.  C.  Regulations. 

Oil,   Mirbane.      (See  Mirbane  Oil.) 

Oil,   Petroleum,   N.   O.   S.     Classification   depends  on  flash  point. 

Oil,  Rosin,  Light,  is  distilled  from  rosin.  It  is  a  light  oil,  having  about 
the    same   degree   of   inflammability  as   turpentine. 

Oil    of    Turpentine.      (See    Turpentine.) 

Oil   of    VitrioK      (See    Acid,    Sulphuric.) 

Oxygen  is  a  colorless,  odorless,  non-inflammable  gas.  It  is  shipped  com- 
pressed in  steel  cylinders.  It  requires  a  green  (gas)  label.  Some  of  these 
cylinders  contain  the  oxygen  under  very  high  pressures,  approximately  2,000 
lbs.  per  square  inch.     It  is  not  accepted  by  some  steamship  companies. 

Paint,    Alumininn.      (See    Bronzing    Liquid.) 

Paint,   Bronzing.     <See  Bronzing  Liquid.)  Digitized  by  CjOOQ IC 
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Paint,   Gold.      (See   Bromziiig   Liquid.) 

Paints,  Liquid,  are  paintb  in  which  the  pigment  is  generally  of  minerd 
or  metallic  origin;  the  inflammability  of  these  paints  depends  wholly  on 
the  nature  of  the  liquid  ingredients. 

Paint  Removers  frequently  contain  wood  alcohol,  naphtha  or  other  in- 
flammable solvents,  and  such  materials  are  classed  as  inflammable  liquids. 

Paper»  Wasted  Old  or  acrap  paper  shipped  in  bales  is  readily  ^ited  by 
sparks.  It  is  also  liable  to  have  a  firt  hazard  owing  to  the  accidental  pres- 
ence  of  matches,   oily   waste,  and  other  foreign  articles. 

Parian  Oil  is  a  heavy  non-volatile  petroleum  oil  of  high  flash  test.  It 
is  not  accepted  by  some  steamship   lines. 

Paste,  Shoe,  may  be  a  solution  of  rubber  in  gasoline  or  carbon  btsnlphide, 
and  therefore  would  be  classed  as  an  inflammable  liquid. 

Pentane  is  a  clear,  colorless,  volatile  liquid,  having  a  pleasant  odor.  It 
has  a  specific  gravity  of  0.63,  and  boils  at  temperature  of  95°  F.  or  less^ 
It  gives  a  flash  test  at  or  below  0°  F.  and  is  consequently  highly  infl-^mmabie. 
It  is  obtained  from,  the  more  volatile  portions  of  petroleum,  and  is  used 
as  a  standard  in  determining  candle  power  of  various  lights  and  illuminants. 
Material  is  about  the  same  inflanunability  as  88 '^  naphtha.  It  is  classed  as 
an  inflammable  liquid. 

Poxhlorate  of  Potash.  A  white  cn^talline  solid,  used  as  an  oxidising  agent 
in  fireworks  and  explosives.  It  is  classed  as  an  oxidizing  material  by  the 
I.  C.  C.  Regulations.*    It  is  not  accepted  by  some  steamship  companies. 

Petroleum   Ether.      (See   Benzine.) 

Petroleum    Spirit.      (See    Benzine.) 

Petroleum   Naphtha.      (See   Benzine.) 

Petroleum  Oil  may  include  any  oil  derived  from  crude  petroleum,  but 
usually  term  is  used  to  indicate  the  ordinary  illuminating  oil.  The  classifica- 
tion as  to  inflammability  will  depend  on  flash  test. 

Petroleum  Products,  N.  O.  S.  Classification  as  to  inflammability  will 
depend   on    flash   point. 

Phenol.,      (See   Acid,    Carbolic) 

Phosphorus,  Red  or  Amorphous,  is  different  in  physical  form  from  yellow 
phosphorus.  It  is  a  reddish  brown  powder,  not  spontaneously  inflammable, 
nor  poisonous.  It  is  not  dangerously  inflammable,  and  is  not  classed  as 
inflanunable,  ,and  its  shipment  is  not  restricted  by  either  the  railways  or 
steamship   lines. 

Phosphorus,  Yellow,  is  a  yellow,  waxy  solid  of  peculiar  characteristic  odor. 
It  is  highly  inflammable  and  will  ignite  at  ordinary  temperature  if  exposed 
to  the  air.  It  is  usually  shipped  under  water.  Beside  being  inflammable, 
it  is  very  poisonous.  It  is  classed  as  an  inflammable  solid.  It  is  not 
generally  accepted   by  the  steamship  c<impanies. 

Phosphorus,    White.      (See    Phosphorus,    Yellow.) 

Pintsch  Gas  is  formed  by  heating  fuel  oil  in  a  retort.  The  gas  produced 
is.  compressed,  the  condensed  liquid  is  drawn  off,  and  the  dry  compressed 
gas  is  stored  in  iron  or  steel  tanks.  Its  cWrf  use  is  for  lighting  railway 
coaches.      It  is  shipped  in   metal  cylinders  and   requires  the  red    (gas)   label. 

Pitch  Roof  Coating.     (See  Cement,  Roofing.)     • 

Platinum  Fuse  (Platinum  Black)  is  finely  divided  metallic  platinmm,  which 
causes  spontaneous  ignition  of  mixtures  of  air  and  inflammable  vapors  or 
gases.  It  is  used  in  patent  cigar  and  gas  lighters,  also  in  some  chemical 
apparatus. 

Polish,  Liquid.  May  contain  inflammable  liquid  ingredients,  of  such  char- 
acter as  to  make  flash  test  of  mixture   80°    F.  or  lower. 

Polishing   i^iquxds.      (See    Polish.)  Digitized  by  VjOOQ IC 
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Potash,  N.  O.  S.,  may  include  nitrate,  chlorate  or  permanganate  of  potash, 
and  therefore  be  classed  as  an  oxidizing  material. 

Potassium   Chlorate.      (See   Barium   Chlorate.) 

Potassium  Cyanide  is  a  heavy  white  solid  material,  highly  poisonous,  but 
not  otherwise  hazardous.  It  is  used  in  recovering  precious  metals,  in  case 
hardening  and  electro-plating.  It  is  not  accepted  by  some  steamship  lines, 
but  is  not  classed  as  a  hazardous  article  by  the  I.   C.   C.   Regulations. 

Potassium  Metallic.      (See  Metallic  Potassium.) 

Potassium  Nitrate  is  a  white  crystalline  salt,  which  acts  as  an  oxidizing 
agent.  It  is  used  to  some  extent  chemically,  and  largely  in  the  manufacture 
of  black  rifle  powder.  It  is  commonly  shipped  in  barrels  or  boxes,  and 
when   so   packed   is   not   classed   as  dangerous   by   the   I.   C.    C.    Regulations. 

Potassium  Permanganate  is  a  purplish  crystalline  salt,  soluble  in  water, 
giving  a  highly  colored  solution.  It  is  very  rich  in  oxygen  and  may  cause 
fire  when  mixed  with  combustible  material.  Contact  with  sulphuric  acid  will 
also  cause  fire.  It  is  classed  as  an  oxidizing  -material  by  the  1.  C.  C. 
Regulations.  It  is  not  accepted  by  some  steamship  companies.  It  should 
never  be  packed  in  the  same  outside*  container  with   formaldehyde. 

Potassium    Peroxide.      (See   Sodium    Peroxide.) 

Preparations,  Insect  and  Vermin  Destroying,  if  liquid,  sometimes  contain 
carbon  bisulphide  or  gasoline,  and  would  in  such  case  be  classed  as  in- 
flammable  liquids. 

Preservers,  Iron,  Steel,  or  Wood,  may  contain  volatile  inflammable  liquids 
suflioient  to  lower  flash  test  to  80°   F.   or  below. 

Primers,    Electric.      (See    Electric    Primers.) 

Primers,  Percussion  and  Time  Fuses  are  devices  used  to  ignite  the  black 
powder  bursting  charges  of  projectiles,  or  the  powder  charges  of  ammunition. 
For  small-arms  ammunition  the  primers  are  usually  called  "  small-arm  primers  '* 
or   "  percussion   caps." 

Proof    Spirits.      (See   Alcohol,   Grain.) 

Prussic   Acid.  '    (See   Acid,   Hydrocyanic.) 

Pyralin.      (See  Celluloid.) 

Pyroxylin.      (See  Nitrocellulose.) 

Pyroxylin  Plastic.      (See  Celluloid.) 

Pyroxylin  Solutions  consist  of  pyroxylin,  nitrocellulose,  or  soluble  cotton 
dissolved  in  amyl  acetate,  or  other  solvent.  The  pyroxylin  solutions  are 
used  as  a  basis  for  the  manufacture  of  lacquer,  leather  coating  compounds, 
leather  substitutes,  etc.,  and  are  generally  thicker  than  ordinary  lacquers, 
but   have   no   greater   fire    hazard.     They   are   classed   as   inflammable   liquids. 

Rags,  Old,  are  refused  by  certain  steamship  lines  owing  to  the  fire  risk. 
Old  rags  are  commonly  very  dirty  and  if  oily  or  wet  are  liable  to  spon- 
taneous heating  or  ignition.  Rags-  contaiinng  more  than  5  per  cent  animal 
or  vegetable  oil,  and  wet  rags  are  prohibited  articles  under  the  I.  C.  C. 
Regulations. 

Railway  Fusees.      (Sec   Fusees.) 

Railway  Torches.      (See  Fusees.) 

Railway  Torpedoes.     (See  Torpedoes,  Track.) 

Removers,   Paint,  Oil  or  Garnish.     (See   Paint  Removers.) 

Rhigolene.      (See   Benzine.) 

Rice  Straw  is  refused  by  certain  steamship  lines  due  to  liability  to  fire 
from  sparks,  etc. 

Rosin  Dross.     (See  Batting,  Dross.) 

Rubber,  Regenerated,  Shoddy,  or  Reclaimed,  consists  of  old  rubber  which 
has  been  subjected  to  chemical  treatment  of  various  kinds  to  prepare  it  for 
further  use  in  the  rubber  industry.     Some  grades  of  these  regenerated,  shoddy 
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or  reclaimed  rubbers  are  liable  to  spontaneous  ignition.  According  to  the 
I.  C.  C.  Regulations  these  rubbers  must  be  packed  in  tight  metal  containers, 
or  in  wooden  boxes  complying  with  Shipping  Container  Specification  No.  17, 
except  when  in  the  form  of  dense,  homogeneous,  non-porotis  sheets,  or  rolls, 
the  sheets  of  thickness  of   %  inch  or  greater  packed  fiat  or  in  rolls. 

Certain  grades  of  rubber  scrap  if  ground,  powdered,  or  granulated,  are 
also  subject  to  this  risk  of  spontaneous  ignition.  Such  scrap  containing  more 
than  45  per  cent  rubber  must  also  be  shipped  in  tight  metal  containers  or 
in  wooden  boxes  complying  with  Shipping  Container  Specification  17.  Re- 
generated, reclaimed,  or  shoddy  rubbers,  or  ground  rubber  scrap  tequiring 
this  special  packing  are  classed  as  inflammable  solids  under  the  I.  C.  C. 
Regulations. 

Rubber    Cement,    Rubber    Solution.      (See   Cemenj:,    Rubber.) 

Safety  Fuse  consists  ordinarily  of  a  core  of  fine  grain  black  powder, 
which  is  surrounded  by  yarn,  tape,  pitch,  rubber,  etc.  Squibs  are  merely 
small  paper  tubes  containing  a  small  quantity  of  black  powder,  one  end  of 
each   tube   being  twisted   and    generally   tipped   with  sulphur. 

Saltpetre.      (See   Potassium   Nitrate.) 

Shavings,  Wood,  are  refused  by  some  steamship  lines,  due  to  risk  of  fire 
from  sparks  or  other  external  causes. 

Shellac,  Liquid,  is  a  solution  of  shellac  in  grain  alcohol  or  denatured 
alcohol.  It  has  flash  test  of  40-70*  F.,  respectively,  according  to  solvent. 
It  is  classed  as  an  inflammable  liquid. 

Small-arms   Ammunition.      (See  Ammunition.)  * 

Sodium    Metallic.      (See    Metallic   Sodium.) 

Sodium  Nitrate  is  a  white  or  yellowish  white  salt,  imported  in  large 
amount  from  Chili.  It  is  used  very  largely  in  fertilizers,  in  explosives,  and 
in  the  manufacture  of  nitric  acid.  It  is  hygroscopic,  and  is  therefore  liable 
to  be  quite  damp.  It  is  commonly  shipped  in  jute  bags  of  approximately 
200  pounds  capacity.  When  so  packed  it  is  classed  as  an  oxidizing  material 
by  the  I.  C.  C.  Regulations.  If  for  any  reason  it  is  packed  in  boxes, 
barrels  or  kegs  as  are  the  other  nitrates  it  is  not  classed  as  an  oxidizing 
material. 

Sodium  Nitrite  is  a  yellowish  white  salt,  somewhat  moist  in  appearance. 
It  is  an  oxidizing  material  which,  while  containing  less  oxygen  than  the 
nitrates,  is  more  readily  decomposed,  and  therefore  generally  more  active. 
When  mixed  with  organic  matter,  it  is  more  readily  ignited  than  a  corre- 
sponding mixture  of  sodium  nitrate.  It  is  used  in  the  manufacture  of  dyes. 
Material  is  rather  hygroscopic,  and  is  commonly  shipped  in  barrels,  casks  or 
cases,  and  not  in  bags. 

Sodium  Peroxide,  or  Potassium  Peroxide,  is  a  white  or  yellowish  white 
powder  possessing  very  strong  oxidizing  properties.  It  is  decomposed  by 
water  or  acids.  In  contact  with  organic  matter  it  is  ignited  by  heat,  friction 
or  moisture.  It  is  always  shipped  in  tight,  metallic  containers.  It  is  a 
hazardous    commodity.      It   is   classed    as   an   oxidizing   material. 

Softener,    Leather,    may    contain    inflammable    liquids. 

Soluble    Cotton.      (See    Nitrocellulose.) 

Solvents  include  such  inflammable  liquids  as  acetone,  ether,  naphtha,  etc. 
Such  articles  are  classed  as  inflammable  liquids.  Solvents  may  have  flash  points 
above   or   below  80°    F.,   according  to   nature. 

Soot  consists  chiefly  of  finely-divided  carbonaceous  matter  together  with 
some  ammonium  sulphate.  The  presence  of  latter  renders  it  of  value  as  a 
fertilizer.     It  is  liable  to  spontaneous  combustion. 

Special  Fireworks  include  all  that  contain  any  quantity  of  red  phosphorus, 
a  fulminate,   or  other  high  explosive  sensitive  to   shoc|ciz©rb^Aiii©)6^Q<l£  that 
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contain  units  of  such  size  that  the  explosion  of  one  whil»  being  handled 
would  produce  a  serious  injury;  or  that  require  a  special  appliance  or  tool, 
mortar,  holder,  etc,  for  their  safe  use:  or  that  are  designed  for  ignition 
by  shock  or  friction.  Examples  are  giant  firecrackers,  bombs  and  salutes 
(not  high  explosives),  toy  torpedoes  and  caps,  ammunition  pellets  fired  in  a 
special  holder,  railway  torpedoes,  etc 

Spirits   of   Nitrous    Ether.      (See   Ethyl   Nitrite.) 

Stain,  Furniture  or  Leather,  may  contain  inflammable  liquids  of  such  nature 
as  to  give  flash  point  of  So*'   F.  or  below. 

Spirits   of   Turpei^ne.      (See   Turpentine.) 

Strontia  may  be  term  used  to  designate  strontium  nitrate. 

Strontium  Nitrate  consists  of  a  heavy  white  crystalline  salt,  which  is  a 
strong  oxidizing  agent.  Its  principal  use  is  making  a  red  fire  in  fireworks. 
It  is  commonly  shipped  in  barrels,  and  boxes,  and  when  so  packed  is  not 
classed  as  an   oxidizing  material  by  the   I.   C.   C.   Regulations. 

Sulphuric   Acid.      (See   Acid,   Sulphuric  J 

Sulphur  Dioxide  is  the  gas  formed  by  burning  sulphur  on  iron  pyrites  in 
air.  It  has  the  well  known  irritating  and  suffocating  odor  of  burning 
vsulpfaur.  The  liquefied  gas  is  shipped  in  iron  or  steel  cylinders.  It  is  entirely 
non-inflammable.  The  pressure  at  70°  F.  is  approximately  50  pounds  per 
square  inch.     It  requires  a  green  (gas)  label. 

Tankage,  Dried  Blood,  is  composed  of  blood  from  slaughter  houses,  evap- 
orated to  dryness  and  pulverized.  It  is  used  as  fertilizer.  It  is  not 
inflammable. 

Tankage,   Garbage.      (See   Garbage   Tankage.) 

Tankage,  N.  O.  S.,  consists  chiefly  of  various  kinds  of  slaughter  house 
scraps  and  offal.  The  fat  and  grease  are  first  extracted,  and  residue  is  then 
4ried.  Tankage  of  this  character  is  not  inflammable,  nor  liable  to  spon- 
taneous combustion.  ^ 

Temperatures.  In  this  pamphlet  measurements  of  temperature  have  been 
exfMressed  in  Fahrenheit  degrees,  as  that  scale  is  in  common  every  day  use 
throughout  the  United  States  and  Canada.  In  technical  books,  laboratory 
reports,  etc.,  the  Centigrade  scale  is  often  used.  The  following  table  will 
serve  to  change  the  Centigrade  temperature  to  the  corresponding  Fahrenheit 
temperature. 
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COMPARATIVE  TABLE  OF  THERMOMETERS 


1  Fahrenheit  degree  =3  5/9  deg.  Cent. 

1  Centigrade  degree  =s  9/5  deg.  Fahr. 

I  Reaumur  degree     =  9/4  deg.  Fahr. 

Temp.  Fahrenheit     =  9/5  X  temp.  C.  -\-  32  deg, 

Temp.  Centigrade     =  5/9  (temp.  F.  —  32  deg.) 

Temp.  Reaumur     *  =  4/5  temp.  C. 

Freezing  point:    Reaumur  =    0  deg.;  Cent.  = 


B=  4/9  deg.  Reaumur 
=3  4/5  deg.  Reaumur 
=  5/4  deg.  Cent. 
=  9/4  R.  -f  32  deg. 
=  5/4  R. 

=  4/9  (F.  —  32  deg.) 
0  deg.;  Fahr.  =    32  deg. 


Boiling  point:      Reaumur  =  80  deg.;  Cent.  =  100  deg.;  Fahr.  =  212  deg 


Cent. 

Fahr. 

Reau. 

Cent. 

Fahr. 

Reau. 

Cent. 

Fahr. 

Reau. 

—18 

0 

—14 

107 

225 

86 

234 

455 

187 

—15 

5 

—12 

110 

230 

88 

237 

460 

190 

—12 

10 

—10 

113 

235 

90 

240 

466 

192 

—9 

16 

—7 

116 

241 

93 

242 

469 

194 

—7 

19 

—6 

118 

244 

94 

245 

475 

196 

—4 

25 

—3 

121 

250 

97 

248 

480 

198 

—1 

30 

—1 

124 

255 

99 

251 

486 

201 

2 

36 

2 

127 

261 

102 

253 

489 

202 

5 

41 

4 

129 

264 

103 

256 

495 

205 

7 

45 

6 

132 

270 

106 

259 

500 

207 

10 

50 

8 

134 

275 

107 

262 

505 

210 

13 

55 

10 

137 

280 

110 

265 

511 

212 

16 

61 

13 

140 

296 

112 

267 

514 

214 

18 

64 

14 

142 

289 

114 

270 

520 

216 

21 

70 

17 

145 

295 

116 

273 

525 

218 

24 

75 

19 

148 

300 

118 

276 

531 

221 

27 

81 

22 

151 

306 

'  121 

278 

534 

29 

84 

23 

153 

309 

122 

281 

540 

225 

32 

90 

26 

156 

315 

125 

284 

545 

227 

35 

.95 

28 

159 

320 

127 

287 

550 

230 

38 

100 

30 

162 

325 

130 

290 

556 

232 

41 

106 

33 

165 

331 

132 

292 

559 

234 

43 

109 

34 

167 

334 

134 

295 

565 

236 

46 

115 

37 

170 

340 

136 

298 

570 

238 

49 

120 

39 

III 

345 

138 

301 

576 

241 

52 

126 

42 

351 

141 

303 

579 

242 

54 

129 

43 

178 

354 

142 

306 

585 

245 

57 

135 

46 

181 

360 

145 

309 

590 

247 

60 

140 

48 

184 

365 

147 

312 

595 

250 

63 

145 

50 

187 

370 

150 

315 

601 

252 

66 

151 

53 

190 

376 

152 

317 

604 

254 

68 

154 

54 

192 

379 

154 

320 

610 

256 

71 

160 

57 

195 

385 

156 

323 

614 

258 

74 

165 

59 

198 

390 

158 

326 

620 

261 

77 

171 

62 

201 

396 

161 

329 

625 

263 

79 

174 

63 

203 

399 

162 

332 

630 

266 

82 

180 

66 

206 

405 

165 

335 

636 

268 

85 

185 

68 

209 

410 

167 

337 

639 

270 

88 

190 

70 

212 

415 

170 

340 

645 

272 

91 

196 

73 

215 

421 

172 

343 

650 

274 

93 

199 

75 

217- 

424 

174 

346 

656 

277 

96 

205 

77 

220 

430 

176 

348 

659 

278 

99 

210 

79 

223 

435 

178 

351 

665 

281 

102 

216 

82 

226 

441 

181 

354 

670 

283 

104 

219 

83 

228 

444 

182 

357 

675  . 

286 

/ 

231 

450 

185 

360 

681 

288 
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Toluene  is  a  distillate  from  coal  tar.  It  resembles  benzol  in  odor  and 
appearance,  but  is  somewhat  heavier  and  less  volatile.  It  has  a  flash  test 
of  55°   F.     It  is  classed  as  an  inflammable  liquid. 

Toluol.      (See    Toluene.) 

Torches,    Railroad.      (See    Fusees.) 

Torpedoes,  Toy,  small  paper-covered  pellets  containing  a  paper  cap  con- 
taining a  small  quantity  of  red  phosphorus  and  chlorate.  This  cap  is  sur- 
rounded by  particles  of  gravel  to  produce  friction.  The  paper  cap  in  torpedo 
is  sometimes  replaced  by  a  small  particle  of  loose,  dry,  silver  fulminate. 
Classed  as  special  fireworks.  Sometimes  these  torpedoes  owing  to  undue 
sensitiveness  or  improper  packing,  will  explode  in  mass.  Such  explosions 
are  rare,   and  of  comparatively  slight   force. 

Torpedoes,  Track,  consist  of  hollow  tin  or  fiber  discs,  filled  with  a  mixture 
of  sulphur,  potassium  chlorate,  and  sand  or  gravel.  They  are  meant  to  be 
exploded  by  weight  of  locomotive  passing  over  them.  Classed  as  special 
fireworks. 

Trinitro  Benzol.  This  compound  when  dry  is  a  high  explosive,  but  when 
wet  with  not  less  than  20  per  cent  water  and  placed  in  waterproof  con-, 
tainers,    may    be    shipped    as    inflammable    solid,    with    yellow    label. 

Trinitro    Phenol.      (See    Trinitro    Benzol.) 

Trinitrotoluol.      (See   Trinitro    Benzol.) 

Turpentine  is  a  clear,  colorless  liquid  of  well  known  characteristic  odor. 
It  is  obtained  by  the  distillation  of  the  exudation  from  >  pine  trees.  It  is 
used  principally  in  paints  and  varnishes.     It  has  a  flash  test  of  95  "^   F. 

Turpentine  Substitutes  are  usually  petroleum  distillates,  usually  having 
about  the  same  flash  test  as  turpentine,  but  the  flash  point  may  be  below 
80°    F. 

Varnish   Removers.      (See   Paint   Remover.) 

Varnish,    N.    O.    S.,   may   have   flash   test   at   80"    F.   or  below. 

Viscoloid.      (See    Celluloid.) 

Whistling    Bombs.      (See    Bombs,    Whistling.) 

Wood  Flour  is  finely  divided  wood,  which  has  been  reduced  to  a  fine 
powder,  by  mechanical  means.  It  is  used  as  an  absorbent  in  dynamite 
manufacture,  and  also  to  a  certain  extent  in  paper  making.  It  is  readily 
ignited  by  sparks,  but  burns  slowly  when  ignited.  It  is  not  considered  liable 
to  spontaneous  ignition.  It  is  not  classed  as  a  hazardous  article  by  the 
I.   C.   C.    Regulations  and  is  commonly  accepted  by  the  steamship  companies. 

Wood  Naphtha.      (See  Alcohol,  Wood.) 

Wood  Pulp.  This  term  is  commonly  applied  to  Wood  Flour  in  the  ex- 
plosives trade.  It  is  more  properly  applied  to  the  material  made  by  digesting 
wood  with  caustic  soda,  or  sulphurous  acid.  These  pulps  are  felted  and 
baled.  They  are  not  used  in  the  explosives  business,  but  in  paper  manu- 
facture. As  regard  to  hazard  wood  pulp  is  approximately  the  same  as 
wood  flour. 

Wood   Spirits.      (See   Alcohol,    Wood.) 

Xylene,  or  Xylol,  Is  a  coal  tar  distillate  similar  to  toluol,  but  heavier  and 
less   inflammable.      It   has   a   flash    test   of   95°    F. 

Xylonite.      (See    Celluloid.) 

Zinc  Dross.      (See   Dross,  Zinc  or  Lead.) 

-Zinc  Dust,  consists  chiefly  of  finely  divided  metallic  zinc.  It  is  liable  to 
spontaneous  ignition  if  wet.     It  is  classed  as  an  inflammable  solid. 

Zinc  Flue  Dust,  from  some  processes  is  very  similar  to  zinc  dust  and 
has  the  same  risks.  Other  zinc  flue  dusts  consist  almost  wholly  of  oxides 
and  are  non-hazardou8.  Digitized  by  GOOgie 
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common  names  of  chemical  substances 

Aqua  Fortis Nitric  Acid 

Aqua  Re^a Nitro-Muriatic  Acid 

Blue  Vitriol Sulphate  of  Copper 

Cream  of  Tartar Bitartrate  of  Potassium 

Calomel , Chloride  of  Mercury 

Chalk Carbonate  of  Calcium 

Salt  of  Tartar i Carbonate  of  Potassia 

Caustic  of  Potassa Hydrate  of  Potassium 

Chloroform Chloride  of  Gormyle 

Common  Salt Chloride  of  Sodium 

Copperas,  or  Green  Vitriol Sulphate  of  Iron 

Corrosive  Sublimate Bi-chloride  of  Mercury 

Diamond Pure  Carbon 

Dry  Alum Sulph.  Alum,  and  Potassium 

Epsom  Salts Sulphate  of  Magnesia 

Ethiops  Mineral Black  Sulphide  of  Mercury 

Fire  Damp Light  Carbureted  Hydrogen 

Galena Sulphide  of  Lead 

Glucose Grape  Sugar 

Goulard  Water Basic  Acetate  of  Lead 

Iron  Pyrites Bisulphide  of  Iron 

Jeweler's  Putty Oxide  of  Tin 

King  Yellow ^ Sidphide  of  Arsenic 

Laughing  Gas Protoxide  of  Nitrogen 

Lime Oxide  of  Calcium 

Lunar  Caustic Nitrate  of  Silver 

Mosaic  Gold Bisulphide  of  Tin 

Muriate  of  Lime Chloride  of  Calcium 

Niter  of  Saltpeter Nitrate  of  Potash 

Oil  of  Vitriol Sulphuric  Acid 

Potash Oxide  of  Potassium 

Red  Lead Oxide  of  Lead 

Rust  of  Iron Oxide  of  Iron 

Sal  Ammoniac Muriate  of  Ammonia 

Slacked  Lime :  Hydrate  of  Calcium 

Soda Oxide  of  Sodium 

Spirits  of  Hartshorn Ammonia 

Spirit  of  Salt Hydrochloric  or  Muriatic  Acid 

Stucco,  or  Plaster  of  Paris Sulphate  of  Lime 

Sugar  of  Lead Acetate  of  Lead 

Verdigris Basic  of  Acetate 

Vermilion Sulphide  of  Mercury 

Vinegar Acetic  Acid  (Diluted) 

Volatile  Alkali Ammonia 

Water Oxide  of  Hydrogen 

White  Precipitate ' Ammoniated  Mercury 

White  Vitriol Sulphate  of  Zinc 
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MANUFACTURING  HAZARDS 

On  examining  the  danger-producing  features,  or  hazards,  as  they 
are  commonly  designated, ,  of  various  businesses,  it  will  be  found 
that  most  of  them  can  be  classified  as  furnaces,  driers  or  kettles. 
There  are  many,  however,  which  can  hardly  be  included  in  any  of 
these  groups,  and,  as  they  are  dissimilar,  they  will,  in  the  following 
article,  be  treated  under  the  general  heading  "Miscellaneous." 

Furnaces 

In  practically  all  instances  the  features  of  significance  here  are 
setting,  clearance,  stack  or  chimney  and  method  of  heating  or  fuel, 
used. 

By  setting  is  meant  the  nature  of  the  enclosing  walls  of  the  fur- 
nace and  the  manner  in  which  these,  as  forming  the  furnace,  are  set 
or  arranged,  as  well  as  the  condition  in  which  they  may  be  found. 

Clearance  refers  to  the  distance  of  any  heated  portions  of  the 
furnace  from  woodwork  or  other  fixed  inflammable  materials,  and 
does  not  include  distance  to  or  proximity  of  temporary  rubbish  or 
other  materials,  which  is  a  matter  of  management.  Clearance  is 
further  analyzable  into  bottom,  side — meaning  any  one  or  all  four 
sides — and  overhead  clearance. 

By  stack  or  chimney  is  meant  the  enclosure  for  the  flue  conveying 
away  the  heated  gases  of  combustibn,  including  the  breeching  or 
uptake  or  downtake  to  such  stack  or  chimney.  The  construction, 
location  inside  or  outside  or  in  walls,  condition  and  clearance  of 
stacks  or  chimneys  are  the  significant  features  in  connection  with 
them. 

Method  of  heating  or  fuel  used  refers  to  the  source  of  heat,  and 
includes  coal,  coke,  wood,  gas,  gasolene,  electricity  (as  in  carbide 
furnaces),  fuel  oil,  etc.,  and  the  conditions  under  which  these  may 
be  handled  or  used.  A  fuller  treatment  of  these  features  is  given 
under  "  Boilers,"  and  will  not  be  repeated  elsewhere. 

Annealing  Ovens*. — These  are  too  numerous  in  kind  to  receive 
specific  mention.  The  more  common  and  the  general  characteristics 
of  the  ovens  as  a  class,  therefore,  will  be  given.  Annealing  ovens 
are  primarily  arid  principally  for  drawing  an  undesired  temper 
acquired  in  shaping  materials  or  to  prevent  brittleness  by  proyiding 
a  gradual  cooling  process. 

Plate  glass  annealing  ovens  or  kilns,  as  they  are  called,  are  large 
flat  ovens  heated  to  about  iioo  degrees  F.,  into  which  the  freshly 
rolled  plate  of  glass  is  pushed  and  kept  for  five  days  until  it  has 
grz^dually  cooled.  Inasmuch  as  the  roofs  over  these  ovens  are  gen- 
erally low,  the  heat  from  open  doors  may,  in  time,  desiccate  the 
roof  timbers;  the  roof  supports  are  also  frequently  found  in  contact 
with  the  setting. 
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Sheet-iron '  annealirlg  ovens  and  those  in  titi-plate  rolliiig  mills 
are  small  house-like  oven's,  generally  brick  and  iron-bound,  in  wliich 
the  sealed  annealing-boxes  are  placed,  the  boxes  containing  sta<?ked 
sheets  of  iron  rendered  too  hard  by  the  repeated  rolling  they  have 
received.  Roofs  above  these  are  low  in  some  plants ;  they  should  be 
well  away  from  the  tops  of  the  ovens,  and  the  surrounding  floor 
should  be  fireproof,  as  the  annealing  boxes  are  dragged  xppt  quite  hot. 

The  bake  ovens  or  annealing  ovens  in  Y^^ire  mills  are  for  drawing 
the  temper  acquired  in  passing  the  wire  through  the  dies  in  the 
operation  oi  "  drawing,"  or  for  drying  the  coils  after,  the  scale  has 
been  removed,  from  the  rods.  Generally  brick  and  iron;  with  no 
special  characteristics. 

Annealing  ovens  for  beer  bottles  or  glass  bottles,  to  be  used 
under  pressure,  differ  from  leers  (q.  v.),  in  that  the  bottles  are 
stacked  in  brick,  iron-bound  ovens  and  allowed  to  remain  several 
days. 

Malleable  castings  are  annealed  by  enclosing  'them  in  pots  or 
boxes  containing  red  hematite  and  heating  them  several  days  in  a 
jbrick  oyen-like  furnace. 

Assaying  Furnaces. — There  are  several  general  kinds,  for  cal- 
cination, roasting,  reduction,  fusion,  scorification,  cup^llation  and 
smelting.  If  ore  be  danfp,  it  is  calcined  to  dry  it;  if  it  be  a  sulphide, 
it  must  be  roasted  before  charged  in  the  crucible  with  the  fluxes, 
etc.,  the  object  of  roasting  being  to  ensure  oxidation  and  the 
elimination  of  >5ulphur,  arsenic,  antimony,  etc.  In  reduction  and 
fusion  the  ore  is  heated  with  fluxes  and  reducing  agents  in  a  crucible 
or  scorifier.  Scorificatioji  and  cupellation  may  both  be  classed  as 
a  combination  of  fusion,  roasting  and  Sublimation,  the  difference 
being  that  in  the  case  of  cupellation  the  volatile  compounds  formed 
are  absorbed  by  the  cupel,  while  in  scorification  they  form  a .  slag. 
Smelting  in  its  restricted  sense  is  the  reduction  of  Ores,  sweepings, 
metallurgical  products,  etc.,  by  fusion  in  a  furnace.  Calcining  and 
roasting  furnaces  have  shallow  fireplaces  and,  ordinarily,:  brick 
'  bodies  bound  with  iron,  cast-iron  top  plate,  removable  grate-bars, 
a  hood  to  carry  off  fumes  and  a  stack  or  chimney  of  brick,  iron  ajr 
clay;  the  temperature  used  is  not  high.  Reduction  and  fusion  fur- 
naces are  similar  to  ordinary  crucible  brass  furnaces,  (q.  v.)  ;  a  high 
temperature  is  used.  The  various  furnaces  above-mentioned  are 
similar  to  one  or  the  other  of  these  forms.  • 

Bake  Ovens.^ — Reference  is  made  herp  to  ovens  for  baking  ;crack- 
ers,  bread,  etc.  Modern  bakeries  generally  have  large 'brick  ovens 
with  a  grate  fire  at  the  bottom  of  a  large  chamber,  in  which,  above 
the  fire,  rotates  a  sort  of  ferris  wheel,  the  cars  of  which  are  flat  pans 
to  carry  the  crackers,  biscuits,  etc.,  to  be  baked.  These  ov.ens  have 
brick-arched  ceilings  covered  with  a  •  foot  or  more  of  sand,  so:  that 
top  clearance  is  not  so  significant  as  side  clearance.  The  firing,  pit 
should  be  fireproof.  The  wheel  is  moved  by  machinery  and  so  timed 
in  its  rotation  that  j  baking  is  accomplished  in  one  complete  turn, 
when  the  product  is  removed  by  paddles.  Newly-baked  crackers 
should  not  be  barreled  immediately,  as  they  contain  sufficient  heat 
to  cause  trouble.  Nor  should  the  cracker  coolers  and  chutes  be  of 
wood.  Bread  bake  ovens  are  generally  flat  and  massively  built,  so 
as  to  retain  the  heat  at  an  even  temperature,  and  clfear^nce  is  not 
so  important,  although  it  is  well  to  keep  them  ff^feed  byfoiQIili^l^ron 
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ovens  are  also  frequently  used  for  various  baking  operations  in  the 
case  of  smaller  orders,  being  practically  large  ovens  similar  to  those 
in  ranges. 

Bark  Furnaces. — Generally  in  connection  with  boilers  at  tanneries 
and  for  burning  spent  bark.  Occasionally  they  are  mere  burners, 
like  fireplaces,  in  which  no  effort  is  made  to  utilize  the  heat,  but 
as  a  rule,  they  are  brick  and  iron  furnaces  attached  to  the  boiler 
fronts  and  fed  f^om  the  top,  the  bark  being  piled  on  top  as  it  falls 
from  the  conveyor.  Inasmuch  as  the  bark  is  damp,  this  practice 
and  that  of  piling  it  against  the  side  setting  of  the  furnaces  and 
boilers  are  not  so  objectionable  as  they  would  appear. 

Barrel  Heaters. — Usually  the  worst  feature  in  cooper  shops,  not 
excepting  the  boiler  hazard.  Sometimes  they  are  simply  open 
hearths  on  wjiich  the  barrels  are  placed  and  a  fire  built  inside. 
Again,  they  are  salamanders  on  a  platform.  Yet  again  they  are 
cylinder-like  stoves  with  the  flue  at  the  bottom,  or  conical-shaped 
stoves  with  telescoping  flues  at  the  apex,  so  as  to  permit  the  removal 
of  the  barrels  from  about  the  stoves.  Rarely  they  are  gas-heated 
cylindrical  stoves  or  steam-heated  cylinders.  Probably,  the  most 
objectionable  form  is  the  open  hearth;  the  safest,  the  steam  cylinder. 
Salamanders  are  not  so  bad  as  the  open  hearth,  but  nearly,  and  the 
other  forms  are  fairly  safe  when  properly  arranged.  Doubtless, 
the  reasons  for  these  opinions  are  clear  when  it  is  reflected  that 
refuse  nearly  always  strews  the  floor  about  such  heaters.  The  floor 
about  heaters  for  6  feet  or  more  should  be  protected. 

Bessemer  Converters. — ^Tilting  steel,  fire-brick-lined  furnaces  for 
eliminating  the  carbon  and  silicon  from  pfg  iron,  preparatory  to  its 
conversion  into  steel  or  ingot  iron,  by  forcing  a  blast  of  air  through 
the  iron  while  it  is  molten.  .  Inasmuch  as  the  blast  is  powerful, 
sparks  and  red-hot  cinders  are  thrown  100  feet  or  more  into  the  air, 
and  all  roofs  within  reach  should  be  incombustible. 

Billet  Furnaces. — Reheating  furnaces  for  billets  which  are  blo"»ms , 
of  iron  or  steel  drawn  into  smaller  bars.     Generally  brick,  iron- 
bound.    Gearance  of  both  stack  and  furnace  important. 

Blacksmith  Forges. — These  are  in  general  stationary  and  port-  . 
able.  Practically  all  portable  forges  are  iron  or  steel,  with  attached 
geared  blowers.  Stationary  forges  may  be  of  the  portable  type  or 
consist  of  iron  or  brick  bodies  into  the  center  of  which  the  blast-hole 
is  built.  Occasionally,  such  forges  have  wooden  box-like  bodies; 
these  are  objectionable,  as  a  rule.  Forges  are  such  simple  hazards 
that  the  dangers  are  often  overlooked.  A  few  remarks  are  therefore 
added.  They  should  not  be  located  near  wooden  partitions  or  boxes 
or  other  inflammable  materials  against  or  into  which  coals  might 
land  when  the  blast  is  on.  These  sometimes  smoulder  undetected 
and  break  out  later.  Floors  which  are  splintered  or  in  bad  repair 
or  with  wide  cracks  between  the  boards  are  also  objectionable,  as 
well  as  the  presence  of  openings  in  sheathing  or  lath  and  plaster 
finish  on  walls,  ceilings  or  partitions.  The  fans  or  blowers  supplying 
the  blasts  are  sometimes  run  by  belts  from  the  floor  below,  and  care 
should  be  taken  to  see  that  nothing  inflammable  is  underneath  the 
belt-hole.  Anvils  are  also  apt  to  throw  scale  around  even  further 
than  the  sparks  from  forge  fly  ordinarily.       Digitized  by  GoOgle 
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Blast  Furnaces. — A  type  of  furnace,  consisting  of  tall  structures 
in  which  the  materials  and  fuel  are  mixed  together,  -an  air  blast 
introduced  near  the  bottom,  and  in  which  fusion  of  the  contents 
is  effected.  The  principal  furnace  of  the  type  is  used  to  smelt  ore 
in  making  pig  iron.  Formerly  they  were  brick  or  stone,  like  huge 
lime  kilns,  but  nowadays  they  are  tall  iron  and  steel  stacks,  lined 
with  fire-brick,  with  loading  platforms  near  the  top  and  tap-holes 
and  tuyeres  near  the  bottom,  the  tap-holes  being  for  draining  off 
the  molten  iron  and  the  tuyeres  the  mouths  of  the  air  blasts.  A 
bell  or  cup-and-cone  arrangement  closes  the  top  after  each  charge. 
The  gases  pass  through  a  flue  in  the  side  into  a  "  down  comer " 
leading  to  the  boilers,  "  stoves,"  etc.  Explosions,  arising  from  air 
admitted  during  charging,  are  possible,  but  are  guarded  against  by 
explosion  doors  consisting  of  simple  flaprchecks.  There  is  also 
danger  of  the  charge  bridging  or  arching,  technically  known  as 
"hanging,"  within  the  furnace,  and  then  collapsing  and  bursting 
the  sides  or  bottom  out.  There  should,  therefore,  be  no  inflam- 
mable material  near  the  furnace.  Owing  to  the  repeated  flaring 
noted  at  the  top  of  the  furnaces  during  charging,  the  structures 
on  the  loading  platform  near  the  charging  door  should  be  fireproof. 
Smaller  furnaces  of  the  type  are  used  in  smelting  lead. 

Bloom  Furnaces. — ^For  reheating  blooms  or  long  slab-like  masses 
of  steel  or  malleable  iron  from  which  the  slag  has  been  forced  by 
hammer,  rolls  or  squeezer.  Qearance  of  both  stack  and  setting 
important. 

Blow  Furnaces. — In  window  glass  factories.  Large  reheating 
furnaces  for  heating  the  glass  cylinder  as  it  is  blown.  Generally 
brick  and  iron-bound,  and  burning  coke,  coal,  gs^s  or  fuel  oil.  In 
front  of  the  round  openings  into  which  the  blower  holds  the  cylin- 
der are  footpaths  generally  of  wood  for  the  workmen  to  walk  back- 
ward and  forward  upon  in  swinging  the  cylinder.  A  dip  pit  is  under 
these  paths  and  generally  communicates  with  a  basement.  Aside 
from  the  regular  furnace  hazard  is  the  danger  of  charring  the 
wooden  footpath,  which  is  necessarily  wood,^  as  the  cylinder  strikes 
against  it  from  time  to  time,  and  stone  and  iron  would  fracture  the 
glass. 

Bluing  Ovens.—Generally  small  brick  ovens,  practically  for  tem- 
pering, used  in  giving  the  blue  finish  to  gun  barrels,  revolvers,  etc. 
No  special  comments  necessary.  * 

Boilers. — The  hazard  of  these  is  mainly  due  to  piling  lumber  or 
small  pieces  of  wood  on  top  of  the  boilers  to  dry,  to  direct  exposure 
of  beams,  joists,  partition  or  other  woodwork  by  the  breeching  or 
stack,  to  back-drafts,  or  to  the  ignition  of  piles  or  trains  of  shavings 
in  front  of  the  furnace. 

The  objection  to  drying  inflammable  materials  over  boilers  arises 
from  the  fact  that  unequal  expansion  of  the  boiler  itself,  its  arch- 
ings  or  its  setting,  causes  cracks  in  the  setting  or  arching.  Where 
shavings  are  used  sparks  will  fly  out  quite  freely,  and  even  hot  air 
will  escape  from  the  crevices  sufficiently  to  char  and  ignite  wood 
near,  laid  there  to  be  dried  out.  This  is  the  main  danger  at  this 
point.  The  fine  dust  which  settles  on  top  of  boilers  will  in  some 
instances  smoulder  and  hold  fire  like  punk,  and  an  additional  danger 
arises  here.    The  writer  has  conducted  many  experiments  with  such 
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dust.  While  most  dust  of  this  'description  will  not  ignite  easily  when 
laid,  some  6f  a  fluffy,  splintery,  fibrous  nature  will,  and  care  should 
be  taken  to  keep  the  tops  of  boilers  free  from  it.  The  dust  from 
soft  wood  Removed  by  sanders,  especially  by  side  abrasion,  is  par- 
ticularly apt  to  smoulder  or  flame  up.  Sand  and  ashes  are  sometimes 
used  to  cover  the  arching,  but  these  are  not  .safeguards  enough  to 
warratit  the  practice  of  drj'ing  wood,  etc.,  on  top  of  the  boiler  since 
they  set  in  time,  and  fissures  and  crevices  form,  in  them  also. 

Back-drafts  are  due  mainly  to  the  accumulation  of  unignited  gas 
in  the  furnace  or  flue  from  temporary  choking,  caused  by  wind, 
sudden  atmosphetid  changes,  etc.,  and  may  send  sparks  and  coals 
from  the  furnace  into  the  fire  room.  For  this  reason  the  door  of 
the^  shavings  vault  should  not  be  opposite  that  of  the  furnace. 
Neither  should  any  communication  with  the  main  building  be  oppo- 
site the  furnace,  even  when  provided  with  a  fire-door,  as  the  latter 
might  be  opened  at  the  time  of  a  back-draft.  Back-drafts,  however, 
ai'e  not  of  frequent  occurrence. 

The  breeching,  unless  lined  with  brick,  is  a  serious  exposure  to 
woodwork  even  two  or  three  feet  away,  and  for  this  reason  proper 
precaution  should  be  taken  to  protect  any  woodwork  so  exposed. 
Soot  accumulations  sometimes  cause  over-heating,  and  even  where 
refuse  alone  is  used,  as  fuel  the  crowding  of  a  boiler  may  overheat 
the  breeching.  Unlined  iron  stacks  may  also  become  a  source  of 
danger  f.or  very  similar  reasons.  As  a  rule,  however,  such  stacks 
are  not  as  serious  hazards  as  the  breeching,  which  is  too  frequently 
ignored  as  a  hazard.  Stacks  shquld  be  well  ventilated  and  provided 
with  hoods  and  thimbles  where  they  pass  through  the  roof.  Joi"sts 
shoul(}  not  be  let  into  brick  stacks  unless  the  latter  are  very  heavy, 
and  it  is  just  as  well  then  to  be  on  the  safe  side  by  providing  headers 
about  the  stacks  to  carry  floor  bparris  or  joists. 

Trains  of  shavings  are  sometimes  left  by  a  careless  fireman  from 
the  furnace  to  the  open  door  of  the  vault.  These  may  be  ignited 
and  start  a  fire.  Again,  shavings  from  the  dust  collector  are  occa- 
sionally allowed  to  fall  through  the  air  from  the  bottom  of  the 
collector  to  the  floor  in  front  of  the  boiler,  where  they  are  shoveled 
into  the  furnace.  The  objection  to  this  practice  need  not  be  pointed 
out.  A  remote  danger  is  the  explosion  of  dust  in  the  feed  flues 
where  shavings  are  blown  directly  to  the  boilers.  This  danger  is 
practically  obviated  by  the  intervention  of  dust  •  collectors,  back- 
check  flaps  and  autdrnatie  regulators.  In  general,  it  may  be  said 
that 'the  boiler  hazard  is  most  serious  when  soft  wood  is  worked  and 
merely  nominal  where  wet  wood  (as  in  butter-dish  factories)  is, 
handled.  Where  refuse  is  used  for  fuel,  spark-arresters  should  be 
JDrovided  for  the  stack,  as  the  risk  or  its  neighbors  often  suffer  loss 
from  flying  sparks.  Sparks  are  particularly  noticeable  when  there 
is  a" forced  draft,  unless  the  draft  is  produced  by  exhausting  steam 
into  the  stack. 

Brass  Furnaces.— As  a  rule»  cylindrical  iron,  fire-brick-lined  fur- 
naces containing  coke  fires  upon  which  rest  the  crucibles  holding  the 
brass  to  be  melted.  Provided  with  covers.  Coal  is  nowadays  Used 
as  fuel,  also,  but  needs  more  blast  to  get  the  desired  heat.  Stacks 
of  such  furnaces  are  very  hot  and  usually  too  light.  The  furnaces, 
unless  set  in  the  ground,  should  be  suspended  in  iron  pits  clear  of 
all  woodwork,  as  side  and  overhead  exposures*  are  inten^.^!^^ 
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Brazing  Forges. — Brazing  is  an  operation  similar  to  soldering 
on  a  large  scale,  the  metal  corresponding  to  the  solder  having,  how- 
ever, a  higher  degree  of  fusibility  than. the  latter.  It  is  really  the 
welding  of  two  metals,,  alike  or  dissimilar,  to  a  third  betweei?!  them. 
Ordinarily  some  modification  of  a  Biinsen  burner  is  used,  but.  black- 
smith forges  (q.  v.)  are  frequently  used.  Many  brazing  apparatus 
use  the  Buiisen  burner  or  blowpipe  principle,  the  flames  impinging 
against  the  work  as  it  rests  on  a  bed  of  coke,  charcoal,  stones  or 
fire-bricks  to  give  the  heat  a  cumulative  effect.  Such  beddings 
should  never  rest  upon  wood-work,  as  they  heat  through  gradually 
and  set  fire  to  the  charred  wood-work.  It  is  impracticable  to  detail 
at  this  point  the  various  methods  of  supplying  heat.  See  "  Gaso- 
lene," "Fuel-oil,"  etc. 

Busheling  Stoves. — Used  for  heating  flat-irons,  tailors'  irons,  etc., 
in  hat,  overall,  shirt  and  clothing  factories  and  similar  risks.  They 
are  ordinary  stoves  with  polygonal  bodies,  against  the  many  faces 
of  which  the  irqns  are  allowed  to  rest  while  being  heated.  Hazard 
th^t  of  large  overheated  stoves.     See  "Slug  Heaters." 

Calciners. — ^These  are  of  kiln, type  and  for  expelling ; rnoistqre;. 
Lime  kilns,  calcination  furnaces,  plaster  kilns,  etc.,  are  example^. 
Generally  heavily  built  of  brick  or  stone.  Well  to  prevent  wood- 
work from  coming  in  contact  with  setting,  hc^wever,  as  fissures  may 
form.  "  =   ■ 

Candy  Furnaces. — Usually  cylindrical  iron,  iire-brick-lined  and 
having  concentric  annular  lids  for  varying-sized  kettles.  Coke  or 
hard  coal  fires  generally  used ;  sometimes  gas  and  artificial  coals. 
Chimneys  very  hot  and  frequently  too  thin.  Brick  or.  cement  plat- 
form with  raised  edges  should  surroiind  furnaces,  and  hood  be  pro- 
vided overhead  if  ceiling  be  low,  in  case  o^  accident  from  boiling 
over.  Used  in  candy  kitchens  ^nd  factories,  bakeries,  for  syrup 
boiling,  in  extract  works,  in  fruit-cleaning  establishments,  ete. 

Carbide  FurnaceSi— Electric  furnace  for  making  calcium  carbide 
from  lime  and  coke  by  fusion.  Intense  heat  internally,  but  furnaces 
are  heavily  built  and  usual  furnace  hazard  mild. 

Carbon  Pbint  Furnaces. — For  baking  lamp  carbons!  Intense  heat 
used  and  clearance  and  stack  important 

Coffee  Roasters. — Name  signifies  use.  Generally  brick  with  rotat- 
ing horizontal  metal  cylii^ders  set  in  them  for  tumbling  coffee  as  it 
is  roasted.  Coal,,  coke  or  gas  fuel  generally  used.  Some  danger  of 
roasted-out  gas  igniting.  Clearance  all  sides,  and  stack  important. 
No  wooden  spouts  should  be  allowed  near,  and  coffee  should,  after 
roasting,  be  cooled  in  iron  receptacles,  as  it  retains  sufficient  heat 
to  char  wood.  Preferably  ceiling  and  floor  of  roaster  room  should 
be  fireproof. 

Coke  Ovens.-f-For  roasting  gas  out  of  soft  coal  in  the  manufiac- 
ture  of  coke.  Generally  stone  and  arranged,  in  batteries  many  hun- 
dred feet  long.    Seldom  under  cover. 

Cupolas. — Smaller  blast  furnaces  used  in  foundries  for  remelting 
iron  preparatory  to  casting.  Generally  iron,  fire-brick-lined  stacks, 
with  charging  door  in  the  side,  air  blast  and  tap-hole  near  bottom 
and  dumping  bottom.  They  emit  a  shower  during  a  melt,  especial,ly 
when  the  charge  runs  low.    Should  have  good  clearance  at  roof  and 
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charging  floor,  as  well  as  at  the  "  dump  "  or  place  where  the  refuse 
slag  and  cinders  are  allowed  to  fall  from  the  bottom  after  a  run. 
The  "  dump  "  is  the  worst  feature  in  connection  with  cupolas,  espe- 
cially large  ones  such  as  those  in  car-wheel  foundries,  when  the 
heat  from  the  pile  of  cinders  and  slag  is  so  intense  that  it  may  ignite 
woodwork  30  feet  away.  Small  hose  should  always  be.  provided  at 
cupolas,  and  the  cupola  house  itself,  if  not  cut  off,  should  preferably 
be  fireproof. 

Crematories. — Reference  is  made  more  particularly  to  garbage 
crematories.  Those  for  cremating  the  dead  are  generally  gas-heated 
and  in  elaborately  fireproof  surroundings.  Garbage  and  dead  animal 
burners  are  generally  box-shaped  brick  furnaces,  bound  with  iron, 
with  charging  doors  in  the  top  which  is  level  with  the  receiving  floor 
and  grates  underneath.  An  effort  is  made  to  make  them  self-sus- 
taining in  the  matter  of  fuel,  gas,  coke,  coal  and  fuel  oil  being  used 
to  assist  the  cremation.  Ceilings  above  furnace  and  charging  doors 
should  be  high  and  receiving  floor  should  Jiot,  unless  fireproof,  be 
in  contact  with  setting.  Small  garbage  crematories  are  in  use  in  the 
back  yards,  in  some  cities,  these  being  small  brick  enclosures  without- 
tops. 

Flattening  Ovens. — Used  in  window  glass  factories  to  roll  out  or 
flatten  the  glass  after  the  glass  cylinder  has  been  seamed  or  cracked 
along  its  length.  A  combination  reheating  and  annealing  oven,  the 
reheating  part  containing  a  circular  rotating  table  upon  which  the 
glass  is  flattened  by  means  of  wooden  blocks  on  the  ends  of  pokers 
or  rods.  Roofs  over  these  generally  low,  and  there  is  a  tendency  to 
let  roof  timbers  rest  on  the  setting.    See  "  Leers." 

Galvanizing  Furnaces. — Generally  long,  low,  brick  melting  fur- 
naces, with  the  fire  under  an  open  pot  containing  the  zinc  or  alloy. 
For  galvanizing  or  coating  with  zinc,  alloy,  pipe,  wire,  hooks,  eye- 
bolts,  velocipede  wheels,  etc.  Stack  generally  most  important  fea- 
ture, as  clearance  and  setting  are  apt  to  be  good.    Various  fuels  used. 

Gas  Producers. — Reference  is  made  more  particularly  to  those 
producers  making  fuel  gas  from  soft  coal  by  roasting  it,  the  gas 
being  conveyed  hot  directly  to  the  furnaces  by  means  of  large  flues. 
In  these  producers  advantage  is  taken  of  the  fact  that  carbon  dioxide 
is  reduced  to  carbon  monoxide  by  red-hot  carbon.  Ordinarily,  the 
producers  consist  of  deep  grates  into  which  the  fuel  is  fed  from 
above,  the  air  entering  below  the  charge.  There  are  several  makes 
of  producers  which  are  generally  iron,  fire-brick-lined,  and  in  a  two- 
story  house,  the  Second  story  being  for  charging  purposes  and  the 
first  for  firing.  If  adjoining  or  exposing  main  buildings,  tJie  pro- 
ducer house  should  be  entirely  fireproof,  as  fires  are  frequent  from 
direct  exposure,  puffs  or  back-drafts,  dust  explosions  and  sponta- 
neous combustion  of  soft  coal. 

Gas  Stacks  and  Retorts. — ^Retorts  are  used  in  the  manufacture  of 
coal  gas.  They  are  cylindrical  receivers  horizontally  placed,  closed 
at  one  end  and  sealed  at  the  other  by  a  hinged  door.  They  are 
arranged  in  tiers  like  the  tubes  of  a  boiler,  and  enclosed  in  a  brick 
setting  somewhat  similar  to  that  of  boilers,  with  a  coke  fire  under 
them.  The  retorts  are  filled  with  bituminous  coal,  sometimes  mixed 
with  cannel  coal,  from  which  gas  is  roasted  or  distilled^OgfcCs  gas 
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passes  by  its  own  expansion  through  a  riser  at  the  front  end  which 
ascends  and  turns  downward  into  the  first  seal  or  hydraulic  main, 
as  iMs  called. 

The  dangers  in  connection  with  retorts  may  be  several.  Ordi- 
narily they  are  not  serious  in  properly  constructed  plants.  There 
is  the  ordinary  furnace  hazard.  In  withdrawing  the  charge  after 
a  "  run,"  there  is  a  possibility  of  its  setting  fire  to  any  woodwork 
with  which  it  might  come  in  contact  or  be  near,  and  the  building 
should  have  an  incombustible  floor  and  walls.  When  the  retort 
doors  are  opened  there  is  a  mild  explosion  of  the  already  heated 
and  expanded  residue  gas  inside  mixed  with  the  newly  admitted 
air,  resulting  in  some  soot  which  lodges  on  the  walls  and  roof,  as 
well  as  small  sparks  or  pieces  of  soot,  from  the  concussion,  being 
sent  upward.  Soot  is  also  produced  from  the  smoking  at  the  retort 
doors  when  the  riser  to  the  hydraulic  main  becomes  choked  until, 
in  time,  the  rafters  l^ecome  coated  with  flaky  soot  which  the  above- 
mentioned  sparks,  or  those  of  extraneous  origin,  may  ignite.  It  is 
evident,  then,  that  the  retort  house  roof  should  be  incombustible. 
Another  danger  shared  between  the  retorts  and  hydraulic  main  is 
from  leakage  in  the  seal  of  the  latter  which  may  result  in  the 
admission  of  a;r  from  a  back  pressure  into  any  retort  which  should 
happen  to  be  opened  for  the  purpose  of  recharging.  Such  accidents 
have  occurred,  resulting  in  the  wreckage  of  the  hydraulic  main,  the 
top  of  the  retorts  and  the  roof. 

Stacks  are  used  in  the  manufacture  of  water  gas.  They  are  the 
generator,  carburetter,  superheater  and  combined  stacks.  In  the 
separate  stack  system  the  generator  is  an  iron  cupola  or  stack  lined 
with  fire-brick,  and  containing  a  deep  bed  of  coke  fire  into  which 
steam  is  injected.  Before  the  "  run  "  is  begun,  however,  an  air  blast 
from  a  Sturtevant  or  other  fan  heats  the  fire  up  to  the  desired 
temperature.  It  is  then  shut  off  and  the  steam  admitted.  The  tem- 
perature, about  1600  degrees  R,  disintegrates  the  steam  into  its 
component  elements,  oxygen  and  hydrogen,  the  former  uniting  with 
the  coke  and  producing  carbonic  oxide,  and  the  latter  remaining 
free.  These  two  gases  pass  over  in  about  equal  volumes  to  the 
carburetter  through  what  would  otherwise  be  the  smoke  flue  of 
the  generator. 

In  this  system  the  carburetter  is  a  similarly  built  furnace  to  the 
generator  except  that  it  contains  a  checker-work  of  heated  bricks 
against  which  the  crude  oil  is  sprayed.  This  oil  is  first  heated  by 
being  led  up  through  the  delivery  main  of  the  superheater,  and 
is  drawn  from  tanks  by  means  of  small  steam  pumps.  The  heated 
bricks  vaporize  the  oil  which  mingles  with  the  hydrogen  and  car- 
bonic oxide  from  the  generator,  and  all  pass  on  to  the  superheater 
which  makes  them  a  fixed  gas  to  prevent  subsequent  condensation. 
There  is  something  of  the  furnace  hazard  in  the  carburetter,  but 
it  is  slight.  A  more  serious  danger  is  the  accidental  admission  of 
air,  which  can  come  through  the  blower  pipe,  as  stated,  or  through 
the  peep-holes  provided  for  the  operator  if  carelessly  manipulated 
or  injured.  The  peep-holes  are  iron  pipes  with  two  shut-off  valves, 
the  outer  having  a  center  of  glass,  or  one  shut-off  valve  and  a  fixed 
glass  eye-piece.  Evidently,  the  breakage  of  the  eye-piece  would 
result  in  an  accid-ent  which  might  fire  the  building. 

The  superheater  in  the  separate  stack  system  is  a  furnace  similar 
to  the  carburetter,  without  the  oil  injectors,  and  provided  with  the 
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fiiiat  smoke  flue  for  the  system  (when  the  blast  is  on),  which  flue* 
is  covered  with  a  lid  when  the  apparatus  is  making  a."  run."  After 
a  "rurt"  the  lid  is  lifted,  the  air  blast  started,  and  any  remaining 
gas  blown  out  through  the  flue,  clearing  the  apparatus  for  a  new 
"run."  Th^  superheater  is  provided  with  a  water-seal  which  pre- 
vents the  gas,  during,  a  "  run,"  from  returning  to  the  superheater. 

:  The  superheater  is.  also  provided  with  peep-holes,  the  hazard 
from  which  has  been  indicated,  and  there  is  considerable  of  •  the 
furnace  hazard,  but  the  features  most  likely  to  result  in  fire  are 
the  "roaring"  at  the  top  of  the  stack  when  the  blast  is  put  on 
and  the  ignition  of  the  mingled  gas  and  air  at  that  point.  The 
"roaring,"  so-called,  makes  the  ventilator  above  red-hot,  and  the 
combustion  of  the  gas  and  air  envelops  th€  whole  roof  with  flames. 
Evidently,  the  building  must  1:^  entirely  iron  and  brick.  The  roar- 
ing is  similar  to  that  of  a  foundry  cupola  and  from  very  much  the 
same  cause,.  The  ignition  of  the  residue  gas,  and  the  air  at;  the 
top.  of  thje  superheater  is  intentional,  being  effected  by  a  pilot-light 
at  the  point  designed  to  bum  any  escaping  gas.  It  is,  however, 
none  the  less  likely  to  bum  the  roof  if  it  is  wood.  Leakage  of  the 
oil;  pipe  in  the  deiivery  main  may  also  cause  trouble,  but  it  would 
probably  be  local. 

In  the  combined  stack  system  each  stack  is  arranged  with  a  deep 
bed  of  coke  fire  at  the  bottom,  with  several  skeleton  arches  «above, 
each  arch  carrying  its  quota  of  checker-bricks  against  which  th€ 
cinide  oil  impinges.    Each  stack  has  also  a  blowroff  flue  and  lid. 

.  The  hazards  are  similar  to  those  in  the  separate  systeni,  except 
that  they  are  rather  more  marked,  owing  to  the. fact  that  the  admis- 
sion of  air  is  apt  to  result  in  worse  explosions.  The  oil  is  also 
heated  by  a  jacket  of  steam  instead  of  being  passed  through  the 
pipe  inside  of  a.  delivery  main.  Repairs  are  thus  more  easily  made 
and  the  exact  condition  of  the  oil  system  known.  The  arrange- 
ment of  glower  .valves  is  more  complicated,  and  therefore  human 
error  is  likely  to  play  a  greater  part  in  accidents. 

Gloty  Holes. — Small  reheating  furnaces  found  only  in  bottle  fac- 
tories, for  reheating  the  necks  preparatory  to  shaping  the  bead  upon 
it.  Formerly  heated  by  coke  and  coal  fires,  the  ashes  of  which 
fell  through  the  eye  and  could  expose  the  timbers  of  the  floor  under- 
neath. NoAV  heated  by  gas  or  fuel  oil.  Generally  well  away  from 
wails  and  surrounding  the  melting  furnace  proper,  the  room  con- 
taininj^  which  has  a  high  ceiling.  Ordinarily,  they  are  small  fire- 
brick, iron-bound  furnaces,  similar  to  large  soldering-iron  heaters, 
set' on  iron  legs. 

Hearths. — A  type  of  furnace  used  principally  in  metallurgical 
work  and  steel  and  iron  mills,  and  consisting  of  shallow  and  more 
or  less  open  fireplaces,  in  which  the  materials  and  fuel  are  mixed, 
a  blast  of  air  supplied  and  the  atmosphere  made  more  or  less  oxi- 
dizing by  varying  the  amount  of  air  supplied.  Generally  brick  and 
iron.     Clearance  important. 

Hearths.-^Reference  is  not  made  to  the  type  bearing  this  name, 
but  to  fireplaces  and  barrel  hearths;  Chimneys  for  these  should  be 
double  brick,  with  ample  throats.  The  floor  of  the  fireplacf  should 
extend  well  in  front  of  the  fire,  and  the  space  under  the  fire  or  grate, 
if  any,  should  be  built  on  brick  or  cement  arches.  Ihere^^is.  always 
danger^  with  wood  fuel,  of  sparlcs  flying  out  into  a  rooiQ§^^ 
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Heating  Furnaces, — Furnaces,  classifiable  thus ''are  almost  innu- 
merable. The  principal  are  heating  furnaces  for  sheet  irosn  in  cut 
nail  works;  rods;  in  nut  and  bolt  works;  billets  and  fcloortis.  in  steel 
and  iron  works  ;■  rods,  bars  and  blocks  in  forge,  and  blacksmith 
shops;  fagots  in  rolling  mills;  trunnions,  a^les,  i^rdnance,  etc.,  in 
ordnance  foundries,  and  forge  shops,  and  for  various,  parts  in  straight, 
metal  and  mixed  metal  and  wood-workers. 

Heating  PumaceS  (for  buildings)'.— These  are  of  the  general 
kinds — steam,  hot  air  and  hot  water.  Hot  air  furnaces  are  of  two 
kinds — those  supplying  the  hot  air  to  'the  rooms  through  flues  and 
those  heating  the  rooms  by  circulating  the  hot  air  through  radiators. 
Hot  water  heating  is  accomplished  by  circulating,  hot  water  through 
radiators  similar  to  steam  radiators.  In  all  systems  a  furnace  is 
required',  atid  this  is  generally  iron- jacketed  or  set  in  brick.  Top 
clearance  to  joists  and  side  clearance  to  wooden  bins  or  partitions 
are  generally  important.  Smoke  flue  should  also  'have  ^ood  clear- 
ance and  enter  chimney  horizontally.  Hot  water  and  steam  pipes 
should  not  come  in  contact  with  wood,  as  even  hot  wat^r  pipes  char 
wood,  and  the  lower  the  tenrperature  at  which  wood  is  charred  the 
easier  it  ignites.  Hot  air  flues  should  be  double  i-^  partitions  and 
cold  air  intake  flues  should  be  iron  for  several  feet  away  from  fur- 
nace. Ashes  should  be  kept  in  metal  receptacles  and  J^ot  .mixed 
with  papers  and  rubbish  in  wooden  boxes  or  barrels. 

Kilnsw — Thepe  are  generally  for  expelling  moistute  df»  chemical 
constituents  by  heating.  They  ar^  nearly  always  heavily  built  of 
brick  or  stone,  but  are  sometimes  metal  and  lined  with  fire-bricks. 
Lime  kilns  are  of  two  types,  continuous  and  periodic,  both  being 
subdivided  into  shiort  and  long-flame  kilns.  Short-flame  kilns  have 
alternate  layers  of  fuel  and  long-flame  kilns  bum  the  fuel  on  a 
grate,  the  gases  only  coming  in  contact  with  the  limestone.  Gyp- 
sum kilns  in  plate  glass  works,  in  which  the  gypsum  is.  calcined  in 
piaking  plaster  of  p?iris  for  setting  the  glass  on  the  polishing  wheels, 
cement  kilns  and  rock-bbrning  kilns  in  plaster  mills,  are  all  similar 
to  lime  kilns.  Plaster  kilns  in  plate  glass  works,  for  reclaiming  the 
plaster  of  paris  after  it  has  been  used,  are  rather  furnaces  than 
kilns,  being  brick  and  iron-bound.  Calcining  operations  in  all  kinds 
of  metallurgical  Work  are  frequently  carried  on  in  kilns.  Clearance 
the  main  feature  in  all. 

Knobbing  Furnaces.'— Small  bfoomery  furnaces.  Much  used  for- 
merly in  steel  manufacture  and  then  using  charcoal  fuel.  Brick, 
iron-bound.  Roofs  above  were  low,  dried  out  and  subject  to  fre- 
quent fires  from  sparks  rising." 

Lead  Furnaces. — In  smelting  lead  there  are  four  general  kinds 
of  furnaces:  reverberatory,  blast  and  slag  furnaces,  and  melting- 
pots  for  desilverizing.  The  reverberatory  and  blast  furnaces  arc  of 
the  usual  construction,  the  latter  resembling  a  foundry  cupola;  the 
slag  furnace  or  hearth  is  a  sort  of  blast  furnace  of  brick  and  iron 
construction,  for  treating  rich  slags  obtained  in  smelting  in  the 
reverberatory  furnaces,  and  the  melting-pots  are  huge  iron  kettles 
set  on  brick  foundations,  with  the  fire  underneath. 

Leers. — ^Low  brick  annealing  furnaces  for  bottles,  table  ware,  etc. 
Ordinarily  they  consist  of  a  tunnel-like  oven  with  a  fire  at  one  end, 


S8  Fire  Prevention  and  Protection 

a  chimney  near  the  middle  and  an  open  door  at' the  other.  The 
ware  to  be  annealed  is  placed- upon  iron  trays  and  shoved  into  the 
heated  end  of  the  leer,  where  a  conveyor  engages  a  hook  or  lug  on 
the  trays  and  draws  them  through  to  the  cool  end  where  they  are 
removed  and  the  ware  packed.  Gradual  cooling  is  thus  accomplished 
and  brittleness  avoided.  Roofs  above  are,  generally  low,  but  this 
fact  is  immaterial  unless  roof  supports  are  on  leer  setting.  Wooden 
braces  were  formerly  used  and  were  obviously  objectionable.  Pack- 
ing with  straw  or  paper  should  not  be  allowed  near. 

Melting-Pots. — These  occur  in  a  great  variety  of  risks  for  a 
variety  of  purposes.  Those  which  may  properly  be  classed  as  fur- 
naces generally  consist  of  a  pot,  kettle  or  basin  set  on  brick  founda- 
tions, with  a  gas,  coke,  oil  or  coal  fire  underneath.  Some  of  the 
more  common  are  lead  pots  for  melting  lead  in  moulding  ingots, 
strip  lead,  lead  castings,  etc.;  solder-pots  in  can  factories  and  tin 
shops,  usually  for  remelting  and  reclaiming;  zinc  and  tin  furnaces 
for  galvanizing,  tinning,  etc.;  stereotype  furnaces,  for  melting  type 
metal  in  making  forms  from  matrices.  They  are  apt  to  be  set  in 
crowded  corners  or  places,  and  clearance  is  an  important  feature. 

Muffle  Fumacies. — A  type  of  furnace  used  in  metallurgy  and  for 
many  purposes  in  which  a  chamber  is  heated  by  the  flames  and 
gases  circulating  in  flues  around  them.  Generally  brick  and  iron- 
bound. 

Pipe-bending  Furnaces. — For  heating  large  pipes  preparatory  to 
bending.  Generally  similar  to  large  open  blacksmith  forges  and 
involving  the  same  hazards  on  a  large  scale. 

Pitching  Apparatus. — In  breweries.  For  coating  the  interior  of 
kegs  with  pitch  to  prevent  the  tannic  acid  of  the  oak  staves  from 
affecting  the  beer.  The  apparatus  generally  consists  of  a  super- 
heater for  burning  out  old  pitch  and  a  pitch  melting-pot.  Both  vary 
greatly  in  construction  and  details  of  use.  If  direct  fires  are  used, 
the  apparatus  should  be  outside  or  in  a  fireproof  room,  as  the  pitch 
is  apt  to  boil  over. 

Portable  Forges.— Used  for  heating  rivets,  small  pieces  of  metal 
to  be  worked,  tempering  tools,  etc.  Generally  consist  of  iron  basin 
on  iron  legs  with  blower  attachment.    See  "  Blacksmith  Forges.** 

Pot  Arches. — In  glass  factories.  Brick,  iron-bound  furnaces  for 
baking  the  expensive  clay  glass  melting-pots  and  stones  and  tweels 
forming  the  furnaces.  Operated  at  a  high  temperature  and  gen- 
erally built  in  a  leanto.  Inasmuch  as  the  door  is  frequently  opened 
while  the  furnace  is  still  hot,  the  roof  overhead  will  become  charred 
and  ignited  unless  it  has  full  clearance.  Side  clearance  also  very 
important  and  no  wooden  braces  should  be  allowed. 

Puddling  Furnaces. — ^Reverberatory  furnaces  for  converting  pig 
iron  into  wrought  iron  by  the  expulsion  of  carbon  and  impurities. 
These  furnaces  are  brick,  fire-brick-lined  and  iron-bound.  Puddling, 
in  brief,  consists  of  melting  down  the  iron,  boiling  it  and  rabbling 
it  (stirring  up  the  charge),  firing  and  balling.  The  last  consists 
in  pushing,  by  means  of  rods  through  holes  in  the  work  door,  the 
spongy  iron  together  into  a  sort  of  ball,  which  is  then  removed  and 
shingled  in  a  hammer  or  squeezer.  Shingling  consists  of  welding 
the  particles  of  iron  together  and  squeezing  out  the  slag.  .Qear- 
ance,  especially  of  stack,  important.  Digitized  by  v^OOglC 
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Ranges. — Cooking  stoves,  generally  of  a  larger  size,  with  oven 
compartments,  broilers,  water-backs,  etc.  Generally  cast-iron  and 
sheet-iron.  Frequently  set  too  close  to  wainscoting  or  partitions 
and  space  behind  used  as  catch-all.  Wood  also  piled  behind  to  dry 
in  man'y  instances.  Both  are  bad  practices.  Hotel  ranges  fre- 
quently have  large  iron  hoods  above  them  to  carry  off  odors  and 
smoke  from  broilers,  etc.,  and  the  flues  from  these  hoods  should  be 
clear  of  woodwork,  as  they  often  burn  out  from  the  greasy  accumu- 
lations, and  bad  fires  have  resulted.  Coal  or  wood  ranges  should 
have  sheet  metal  in  front. 

Reduction  Furnaces. — See  "  Assa3ring  Furnaces." 

Refuse  Burners. — In  connection  with  sawmills,  refuse  is  burned 
in  pits,  piles  or  furnaces,  especially  built  for  the  purpose.  The 
pits  or  piles  should  evidently  be  located  at  a  safe  distance  from  the 
mill  and  lumber  yards,  as  the  wind  carries  the  sparks  and  small 
brands  surprisingly  far.  Two  hundred  feet  square  clearance  is  fre- 
quently required,  but  this  distance  is  by  no  means  a  gfuaranty  of 
safety,  especially  if  refuse  be  burned  in  huge  piles,  to  which  it  is 
sent  on  conveyors  or  by  hand.  Such  piles  are  sometimes  seen  burn- 
ing continuously  at  the  end  of  a  long  conveyor,  which  drops  the 
refuse  on  the  heap  from  a  height  of  30  to  40  feet.  It  is  hardly 
necessary  to  mention  that  these  piles  are  a  serious  menace  to  sur- 
rounding property. 

A  regular  slab  burner  is  often  found  quite  near  the  mill,  some- 
times within  IS  or  20  feet.  It  consists  of  a  cylindrical  furnace  of 
brick  or  iron,  lined  with  brick,  with  a  dome-shaped  wire  screen 
spark-arrester  at  the  top.  They  run  about  10  to  20  feet  in  diameter 
and  30  to  60  feet  in  height.  An  opening  in  the  side  about  20  feet 
from  the  ground  admits  the  refuse  whicih  is  brought  to  the  burner 
by  a 'drag-conveyor.  These  are  much  safer  than  pit  or  pile  burners, 
but  may  start  fires.  It  is  possible  for  a  coal  of  fire  or  a  brand  to 
be  carried  back  into  the  mill  on  the  return  portion  of  the  conveyor. 
The  spark-arresters^  become  worn,  allowing  sparks  to  escape,  and 
sparks  sometimes  issue  from  the  lower  doors  or  cracks  above  them. 

In  connection  with  broom  factories,  small  brick  furnaces  are  used 
to  burn  unavailable  refuse.  They  are  frequently  too  close  to  build- 
ings and  surrounded  by  broom  straw. 

Regenerative  Furnaces. — A  type  of  furnace  for  many  uses,  in 
which  the  waste  heat  is  employed  for  heating  the  air,  or  air  and  gas, 
supplied  to  the  furnaces.  Most  important  is  steel  and  iron  plants. 
The  regenerative  feature  may  be  applied  to  other  types,  as  the  rever- 
beratory,  the  famous  Siemen*s  furnace  being  a  regenerative  rever- 
beratory  furnace.  They  are  generally  brick  and  iron,  with  compart- 
ments and  chambers  for  the  waste  gases.  Generally  in  fireproof 
surroundings. 

Retorts. — Of  various  forms  and  for  a  multiplicity  of  uses. 
Where  of  the  furnace  type,  they  generally  consist  of  a  closed  vessel 
of  iron,  ^lass  or  stoneware  set  on  a  brick  foundation  or  enclosed  in 
brick,  with  the  fire  underneath.  Used  in  coal  gas  works,  in  which 
they  are  cylindrical  iron  chambers  enclosed  in  brick  walls;  in  nitric 
acid  plants,  in  which  they  are  stoneware  jugs  set  on  brick  furnaces; 
and  in  metallurgical  operations,  in  which  they  are  iron  vessels  fixed 
in  brick  work  and  heated.    Explosion  hazard  in  some  cases,  due  to 
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air  and  gas  inside  becoming  mixed  and  ignited.  Otherwise,  prdinary 
ftimace  hazards  prevail. 

Rcvcrberatory  Furnaces. — A  type  of  furnace  finding  many  appli- 
cations, in  which  the  fuel  is  burnt  in  a  separate  part  of  the  chamber, 
the  flame  and  hot  gases  only  coming  in  contact  with  the  material 
treated.  Used  extensively  in  steel  and  iron  mills  and  smelting- 
p»fants.  Generally  brick  and  iron  and  in  fireproof  surroundings. 
If  nbt,  clearance  of  both  furnace  and^tack  important. 

Rivet  Forges.— -Either  portable  forges  (q.  v.)  or  small  heating 
furnaces  for  heating  rivets  in  bridge,  structural  iron,  boiler,  iron 
tank,  ship  building,  etc.,  works. 

Rouge  Ovens. — In  plate  glass  works,  for  roasting  copperas  in  the 
manufacture  of  buffing  rouge  for  use  in  polishing.  Generally  flat, 
brick  furnaces. 

Salamanders. — Stoves  with  open  tops>  no  flues  and  generally 
raised  on  three  iron  legs.  Used  for  heating  purposes  in  foundries, 
rolling  mills,  etc.,  where  ceilings  are  high ;  also  for  drying  out 
brewers*  vats  preparatory  to  varnishing,  for  drying  new  ;plastering 
in  buildings,  for  taking  chill  off  foundry  sand,  etc.  Sometimes  used 
in  place  of  forges  for  heating  small  work  and  as  stove  in  barrel- 
heating.  Coke  or  charcoal  the  usual  fuel;  sometimes  wood.  They 
should  have  fixed  pans  under  the  grates  and  be  used  with  great 
care  in  any  environment  containing  combustibles. 

Slug  Heaters. — Stoves  or  furnaces  for  heating  the  removable  iron 
slug  used  in  one  form  of  tailors'  irons.  Generally  coke  or  coal-fired, 
brick-heating  furnaces.  Frequently  without  sufficient  clearance, 
and,  owing  to  frequent  tramping,  floors  about  are  apt  to  be  worn. 
Found  in  connection  with  hat,  overall,  shirt  and  clothing  factories. 

Stalls*. — A  type  of  calcining  furnace  taking  its  name  from  it^  gen- 
eral appearance,  in  which  the  materials  are  mixed  with  fuel.  Free 
access  of  air  is  permitted  and  no  fusion  takes  place.  Ordinarily, 
the  furnace  consists  of  two  rows  of  brick  compartments .  with  a 
chamber  between,  each  compartment  having  th*e  top  and  outer  side 
open,  giving  the  appearance  of  horse-stalls.  These  open  places  are 
loosely,  covered  during  the  operation.  Reguli  and  mattes  are  often 
calcined  in  stalls.    There  should  be  plenty  of  overhead  clearance. 

Stereotype  Furnaces*— For  melting  the  type  metal  used  in  east- 
ing forms  from  the  pulp  matrices  in  large  printing  establishments. 
Generally  cylindrical  iron,  fire-brick-lined  furnaces,  similar  to  large 
candy  furnaces  with  the  lead  pot  set  in  the  top.  Frequently  set  in 
close  quarters. 

Stills  (direct-heated).— Rare  nowadays  for  distilling  spirits. 
Steam  still  used  more  frequently.  Direct-heated  stills  are  found  in 
small  plants  and  are  very  objectionable,  owing  to  the  danger  of 
explosion.  Furnace  hazard  normal  otherwise,  the  copper  or  other 
metal  still  being  set  oij  an  ordinary  brick  furnace.  Platinum  stills 
used  in  concentrating  sulphuric  acid  are  direct-heated,  but  no  in- 
flammable vapors  are  given  off;  these  stills  are  very  valuable,  how- 
ever, and  easily  damaged  by  falling  lead  from  towers  or  chambers, 
in  case  of  fire,  heated  lead  and  platinum  forming  an  amalgam. 

Stoves. — Reference  is  made  to  heating  stoves,  laundry  stoves,  cook 
stoves,  etc.    Their  construction  is  familiar.    Their  hazatMl&nsist 
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of  the  direct  exposure  of  inflammable  material  by  the  stove  itself 
or  its  flue,  the  emanation  of  sparks  from  the  grate  or  open  door  or 
from  crevices  in  the  stove  or  flue  and  the  escape  of  soot  or  sparks 
past  possibly  ill-fitting  collars  or  thimbles  at  the  entry  of  the  flue 
into  the  chimney.  In  gene/al,  wood  stoves  are  the  most  hazardous, 
and  all  stoves,  except  those  using  gas,  should  be  set  on  metal  or 
other  protection  ample  in  acea ;  no  stovepipes  should  enter  a  chimney 
or  tile  flue  vertically,  and  cnimneys  should  preferably  be  built  from 
the  ground  and  not  rest  on  side  brackets,  stirrups  or  attic  floors. 
Stovepipes  should  never  pass  through  blind  attics  or  other  concealed 
spaces,  and  ventilated  thimbles  should  protect  them  at  all  partitions. 

Stoves,  Hot  Blast. — For  utilizing  the  heated  waste  ^ases  from 
blast  furnaces  in  warming  up  the  air  furnishing  the  blast.  They  are 
variously  constructed  of  brick  or  iron-litied  with  brick,  with  checker- 
work  or  flues  inside  for  the  cold  air  to  pass  through  and  heated  by 
the  waste  gases  referred  to.  Such  stoves  are  huge  affairs,  generally 
detached  from  any  buildings. 

Tempering  Ovens. — Of  all  shapes  and  sizes,  generally  brick  or 
iron-bound  brick  and  lined  with  fire-brick.  For  tempering  tools, 
steel, 'parts,  etc.  Many  articles,  such  as  files,  are  tempered  by  thrust- 
ing them  first  into  a  pot  of  melted  lead  and  then  into  oil  or.  water 
or  other  bath. 

Tinners'  Furnaces. — Reference  is  made  to  all  soldering  iron  heat- 
ers. The  old  style  and  gtill  used  furnace  or  fire-pot  is  a  small  ver- 
tical sheet-iron  cylinder  stove,  set  on  a  pan  and  using  charcoal  fuel; 
commonly  used  by  plumbers  and  roofers  and  either  portable  or 
stationary.  Many  fires  caused  by  leaving  them  alone  in  rubbishy 
surroundings,  the  wind  or  drafts  frequently  causing  them  to  flare 
up.  Later  fire-pots  use  gas,  oil  or  gasolene  flames,  and  are  iron 
boxes  lined  with  fire-brick,  with  an  apron  in  front  on  which  "to 
rest  the  soldering-iron.  These  should  be  on  iron  legs,  if  inside,  and 
used  preferably  on  iron  tables.  The  use  inside  of  those  having 
gasolene  receivers  or  tanks  attached  should  be  discouraged,  the  gaso- 
lene being  supplied  to  the  burners,  and  the  blast  furnished  by  air 
under  pressure  in  the  receiver.  Such  portable  devices  are  subject 
to  hard  usage  and  become  leaky. 

Tinning  Furnaces. — In  tin  plate  works  the  sheet-iron  is  passed 
through  a  tank  of  palm  oil  and  then  through  a  large  kettle  being 
set  on  a  low  brick  furnace.  The  oil  sometimes  becomes  fired  and 
roof^  above  such  apparatus  should  be  high  or  fireproof  and  the 
floor  about  incombustible. 

Tire  Furnaces. — For  setting  tires.  In  ordinary  blacksmith  shops 
a  wood  fire  rtiay  be  built  in  the  yard  about  the  tire  to  be  shrunk. 
In  some,  a  cabmet-like  oven  is  provided  for  heating  the  tire,  the 
object  of  heating  being  to  expand  the  tire  so  that  it  will  fit  over 
the  rim  of  the  wheel  which  is  made  a  little  larger  than  the  interior 
diameter  of  the  tire  when  it  is  cool;  as  the  tire  cools,  the  rim  is 
pulled  tightly  down  upon  the  spokes  and  the  wheel  stiffened.  The 
Wood  fires  referred  to  should  be  well  away  from  any  buildings. 

Wind  Furnaces. — A  type  of  furnace  consisting  of  deep  fireplaces, 
with  grates  at  the  bottom  and  flue  openings  at  the  top,  for  heating 
crucibles,  etc.  Used  for  many  purposes, '  but  principals  in  metal- 
lurgical work.  .  Digitized  byV^OOgie 
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Drying  and  Driers 

In  driers  of  all  kinds  the  principal  features  to  be  considered  are 
the  construction  and  method  of  heating.  Construction  is  intended 
to  include  all  matters  of  arrangement.  Frequently,  as  in  wood- 
workers, the  location  of  the  device  is  important.  To  save  repetition, 
it  may  be  well  to  state  that  all  steam-pipes,  direct  or  exhaust,  may 
(  cause  fire,  the  steam-pipe  hazard  being  due  to  the  charring  and  sub- 
sequent ignition  of  the  inflammable  material.  Jets  of  hot  air  may 
also  cause  fire,  in  blower  systems,  even  where  the  jets  are  of  low 
temperature,  the  reason  for  this  being  obscure. 

Board  Drying. — In  knitting  mills.  Underwear  after  washing  is 
drawn  over  board  forms  which  are  suspended  by  hooks  from  the 
ceiling  or  racks  above  them,  and  the  room  heated  by  hot  air  or  steam- 
pipes.     Hosiery  and  knit  gloves  and  mittens  are  dried  similarly. 

,  Bone  Drying. — In  packing  plants,  bones,  after  being  washed,  are 
dried  on  open  steam-coils  a  foot  or  more  above  the  floor  or  in  spe- 
cially constructed  boxes  or  rooms,  generally  of  wood.  Wooden- 
slatted  trays  holding  the  bones  sometimes  rest  on  the  steam-pipes, 
the  practice  being  objectionable.  Modern  plants  build  thes«  dry- 
rooms  fireproof. 

Bone-black  Kilns. — The  decolorizing  and  clarifjring  properties  of 
bone-black  are  restored  by  reburning  in  retorts  heated  by  furnaces 
which  are  usually  set  in  brick  and  iron-bound.  These  should  be 
located  in  fireproof  buildings,  as  there  is  not  only  a  bad  furnace 
hazard  but  a  great  deal  of  fine  dust  present.  The  elevators  for  the 
bone-black  should  also  be  preferably  of  iron  and  arranged  so  as  to 
be  self -cleaning.  Preliminary  heaters  are  located  above  the  kilns 
in  some  instances,  utilizing  the  hot  gases  from  the  furnaces.  They 
are  used  to  dry  the  bone-black  before  it  passes  into  the  retorts. 
Modern  plants  have  separately  constructed  and  arranged  kiln  houses, 
but  should  it  happen  by  any  chance  that  the  kiln  homse  was  of 
ordinary  construction  and  not  cut  off,  it  should  be  regarded  as  a 
prohibitive  feature. 

Brick  Kilns. — These  are  in  general  clamps  and  permanent  kilns. 
Qamps  are  kilns  of  the  up-draft  type,  the  walls  of  which  are  built 
up  at  each  fire  or  run  and  torn  down  when  the  bricks  within  have 
been  burned.  They  are  generally  roofed  over  with  boards,  also  of 
a  more  or  less  temporary  nature,  but  are  sometimes  erected  in  regu- 
lar sheds.  The  fireplaces  are  built  at  the  bottom  on  each  side.  Sheds 
are  apt  to  be  badly  exposed  by  the  kiln  tops.  Some  continuous  kilns 
are  partially  temporary,  continuous  kilns  being  those  in  which  the 
firing  is  done  in  one  part  while  the  stacking  goes  on  in  another,  the 
operations  succeeding  each  other  around  the  kiln. 

Permanent  kilns  are  substantially  built  of  brick  and  iron-bound, 
and  are  either  of  the  down-draft  or  up-draft  type.  They  are  gen- 
erally not  under  cover,  although  sheds  similar  to  the  above  may  be 
built  over  them  or  over  the  fireplaces,  and  occasionally  they  are 
found  inside  buildings.  Clearance  and  method  of  heating  are  the 
*  most  important  features,  oil,  gas,  coal  and  coke  being  used  as  fuel. 
The  fireplaces  are  arranged  as  above. 

Terra  cotta,  terra  cotta  lumber,  tiles,  drain-pipes,  sewer  pipes,  etc., 
are  burned  in  similar  kilns.  Digitized  by  GoOglC 
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Brick  Pan-Driers. — ^Flat  brick  furnaces,  the  top  being  like  a  floor 
on  which  green  bricks  are  stacked  to  dry.  Sand  or  other  stock  is 
also  sometimes  dried  on  such  a  floor. 

Brick  Tunnel-Driers. — Wooden  or  brick  driers  for  green  bricks 
built  in  the  form  of  tunnels,  into  which  the  bricks  are  pushed  on 
trucks  or  racks.    Generally  steam-heated. 

Butterworth  Driers. — A  drier  in  textile  mills  in  which  the  stock 
is  made  to  pass  backword  and  forward  between  flat  coils  of  steam- 
pipes  one  above  another.  Several  other  driers  of  the  same  general 
type.  If  wooden  enclosure,  rather  objectionable.  All  sfiould  be 
easily  cleanable. 

Calendars. — Steam-heated  rolls  or  cans  through  which  paper, 
cloth,  rubber-covered  cloth,  etc.,  are  passed  to  be  heated  and 
smoothed.    Used  in  super-calendering  paper,  making  gossamer,  etc. 

Can  Driers. — A  type  of  drier  in  which  the  stock  is  wound  on  or 
laid  over  or  passes  over  and  between  can-like  cylinders  lieated  inside 
by  steam  or  hot  water.  Used  in  slashers,  paper  engines,  pasteboard 
machines,  corrugated  strawboard  packing  machines,  etc. 

Candy  Starch  or  Dry-Rooms. — Generally  frame,  steam  or  hot  air 
heated  enclosures  containing  the  moulded  candy,  in  wooden  racks, 
to  be  dried.  Sometimes  built  fireproof,  but  rarely.  Explosion  haz- 
ard present  on  account  of  starch  in  mould,  and  no  open  lights 
should  be  used  inside  or  near  the  rooms.  Pipes  also  become  very 
dusty.  \ 

Caul  or  Dry  Boxes  or  Heaters. — These  are  small  box-like  warm- 
ing and  drying  ovens  used  in  preparing  stock  to  be  glued,  and  rang- 
ing from  I  to  2  feet  on  a  side  to  15  ^r  20  feet  long  by  4  to  6  feet 
in  width  or  height.  They  are,  if  anything,  even  more  likely  to  start 
a  fire  than  kilns,  since  equal  care  is  not  taken  in  keeping  them 
clean.  A  fire  in  one  is  more  accessible,  however,  and  lining  with 
metal  reduces  the  hazard  considerably.  The  steam-pipes  should  be 
well  collared  where  they  enter  and  leave  the  boxes.  A  particularly 
objectionable  form  of  dry-box  is  that  sometimes  found  in  musical 
instrument  works,  where  several  turns  of  a  stovepipe  inside  supply 
the  heat.  Defective  joints  or  overheating  would  play  havoc.  It 
may  be  well  to  emphasize  the  objection  to  caul  or  dry  boxes,  as 
these  hazards  are  frequently  underestimated.  Certain  forms  are 
opened  at  the  top  and  difficult  to  clean.  Even  when  lined  with  tin, 
therefore,  there  is  a  chance  for  smouldering  to  occur  and  break 
out  after  hours.  Not  infrequently  wood  is  left  in  them  overnight, 
^nd  as  they  are  usually  located  where  a  fire  once  started  will 
spread  rapidly,  they  should  be  watched  carefully.  The  tin  lining, 
while  it  reduces  the  hazard,  is  not  entirely  effective  in  preventing 
a  fire.  Other  forms  have  objections  that  will  occur  to  any  one  after 
a  little  thought.  The  best  form,  and  one  which  shouldrbe  regarded 
as  standard,  is  that  in  which  the  top,  sides  and  ends  are  iron,  with 
the  steam-pipes  on  iron  supports  about  6  inches  above  the  lower 
edges  of  the  sides  forming  the  only  bottom,  the  whole  apparatus 
resting  upon  iron  legs  2  or  3  feet  long.  With  this  arrangement,  the 
box  is  self -cleaning,  since  there  is  no  bottom,  and  the  hot  air,  being 
lighter  than  the  surrounding  air,  will  remain  in  the  box  above  the 
pipes.  If  iron  be  too  expensive,  frame  boxes  built  this  way  are 
much  more  desirable  than  any  other.  Digitized  by  vjOOQIC 
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Chipped  Gl^ss  Glue  Dry- Rooms.— Chipped  glass  is  made  by  first 
sanditig  the  surface  and  then  api^lyitig  a  stiff  glue  which  on  drying 
curls  up  and  tears  off  the  surface  of  the  gl&ss,  producing  the  fern- 
like tracery  characteristic  of  chipped  glass.  The  drying  is  assisted 
by  gentle  steam  heat. in  frame  compartments. 

Core  Ovens. — For  drying  the  cores  used  in  castings.  Generally 
large  brick  ovens  set  on  the  ground,  with  brick  a-nd'  iron  ceilings, 
iron  doors  at  the  entrance  and  a  coke  fire. inside.  The  flue  or 
chimney  of  this  type  is  generally  at  thie  far. end  from  the  fire,  so 
that  the  gafies  and  heat  will  traverse  the  interior.  Another  form 
is  an  4r6n  oven  with  trays  to  carry  the  cores,  sometimes  steam- 
heated,  and  again  set  on  a  stove.  Mild  furnace  hazard  in  either 
kind. 

Dish  Warmers.— Also  used  as  driers.  Found  in  hotels  and  res- 
taurants and  generally  consisting  of  iron  steam-heated  closets  or 
ovens.    Steam-pipe  hazards. 

Dry  Lofts.-T-In  some  kinds  of  oilcloth  works  large  hanging  rooms 
heated  by  steam-pipes  are  used,  involving  th^  steam-pipe  hazard 
and  that  of  explosion  from  the  volatile  ingredients  used  in  making 
the  oilcloth  and  a  serious  hazard.  Ground  rubber  is  also  seasoned 
or  dried  in  attics  or  lofts  heated  by  steam-pipes,  generally  with  a 
mild  temperature.  Tacking  loft^  in  tanneries  are  similar  to  the 
last,  the  leather  or  skins  being  stretched  on  frames  which  are  hung 
from  hooks  on  the  bottom  of  joists  Or  racks  built  below  the  joists 
for  the  purpose ;  hot  air  is  sometimes  used ;  hazard  mild,  as  a  rule. 
In  some  tanneries  the  tacking  frames  are  piled  one  above  another  in 
front  of  hot-air  pipe  openings. 

Emery  Driers. — In  plate  glass  ind  other  factories  where  polish- 
ing emery  is  reclaimed.  Generally  metal  pans  set  over  steam-pipes 
or  stoves.     '  '  '  '        . 

Feed  Driers," — For  drying  refuse  from  ,corn-starch  works,  brew- 
eries, distilleries,  etc.  Horizontal,  rotating  iron  cylinders,,  as  a  rule, 
steam-heated.  Sometimes  set  on  iron  legs  and  sometimes  in  brick- 
work. Furnace  heat  often  used,  coke,  coal,  gas  or  fuel  oil  supplying 
ihe  heat.  Stock  is  fed  in  one  end  and  gravitates  to  the  other^  falling 
to  the  ^floor  or  into  a  conveyor  ,or  elevator  boot.  Clearance  and 
manner  of  heating  important.  No  wooden  spouting  nor  partitions 
should  be  in  contact  with  setting.  Direct-heated  driers  should  be 
in  fireproof  surroundings  or, in  a  section  ,well  cut  off. 

Fertilizer  Driers. — Used  for  drying  blood  and  tankage  in  packing 
plants  and  tankage  in  garbage  reduction  works  or  similar  risks. 
Generally  consist  of  one  or  more  slightly  inclirted,  rotating  iron 
cylinders  set  in  brick  and  heated,  by  direct  fires  or  steam.  Some 
types  are  entirely  iron,  with  a  lagging  of  asbestos  and  set  on  iron 
legs.  The  tankage  is  picked  by  hand  or-  machines  and  shoveled  into 
hoppers  leading  to  the  cylinders,  in  which  it  'is  tumbled  and  from 
which  it  emanates  in  a  dry  state.  It  is  allowed  to  fall  upon  the  floor 
or  into  the  buckets  of  an  elevator.  The  surroitndings  are  dusty  and 
woodwork  is  often  too  close  to  the  setting.  A  bad  feature  inside, 
as  a  rule. 

Fruit  Driers  or  Evaporators. — Generally  tacks,  containing  screen- 
like trays  for  the  fruit,  arranged  in  a  room  or  compartment  warmed 
by  hot  air  or  steam-pipes.  '      Digitized  by  GoOglC 
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Glue  Dry-Rboms.— *In  glue  factories  the  glue  is  broug^it  from  the 
chill  room,  sliced  up  artd  placed  an  wire  screens  with  wooden  frames. 
These  are  piled  one  upon  another  on  trucks  and  pushed  into  long, 
low,  tunnel-like  compartments,  generally  frame  and  heated  by  hot 
air  or  steam-pip*s. 

Grain-Driers. — These  are  of  three  general  kinds — direqt-heated 
rotaries,  steam-heated  rotaries  and  stationary  driers,  heated  by 
steam  coils  or  by  air  .from  furnaces  or  blown  through  >steam-coils. 
The  first  are  seldom  found.  Steam-heated  rotaries  are.  wooden  or 
iron  drums,  slightly  inclined,  into  which  the  grain  is  admitted  and 
tumbled  over  steam-coils  as  it  passes  through.  Hazard  that  of 
steam-pipes.  Should  be  constructed  so  as  to  be  readily  cleaned  and 
precautions  taken  to  see  that  fires  in  them  could  not  spread  through 
the  spouting. 

Stationary  driers  in  which  the  grain  rests  upon  the,  steam-pipes 
as  a  g^id  are  objectionable;  these  are  rare.  1 

A  stationary  drier,  such  as  is  used  in  oatmeal  mills  and  in  other 
risks  for  similar  purposes,  consists  of  circular  pans,  one  above 
another,  with  steam-pipes  under  each  pan.  The  grain  is  admitted 
to  the^  top  pan,  where  it  is  stirred  and  pushed  along  by  revolving 
paddles  which  gradually  work  it  inward  until  it  reaches  an  opening 
near  the  center  through  which  it  falls  to  the  pan  below.  Here  an- 
other set  of  paddles  pushes  it  and  tumbles  it  outward  until  it  falls 
off  the  outer  edge  to  the  pan  below.  This  operation  is  repeated 
through  the  whole  series  of  pans  until  the  grain  has  passed  through 
the  apparatus  and  is  removed  by  conveyors.  Fans  niay  or  may  not 
be  provided  to  remove  the  moisture  which  is  driven  off.  ,  Cooling 
may  be  done  on  unheated  pans  below' the  heated  ones,  or  separately. 
There  is  a  steam-pipe  hazard  in  connection  with  these,  and  fine  par-  , 
tides  which  the  paddles  do  not  touch  may  femain  and  become 
charred,  finally  causing  trouble.  Aside  from  the  actual  contact  of 
the  heating  pipes  with  combustible  material,  and  the  last-mentioned 
feature,  which  is  a  matter  of  care,  the  hazard  of  friers,  of  this  type 
is  small.  They  should  not  be  enclosed  in  wood,  however,  as  the 
wood  becomes  desiccated  and  is  readily  igriitible  in  case  small  fires 
start  on  the  pans. 

Stationary  driers,  in  which  the  grain  is  run  in  and  renjains  (juiet 
while  hot  air  is  blown  through  it  from  steam  coils,  are  practically 
the  only  ones  in  use  nowadays,  and  will  receive  more  detailed  men- 
tion. Most  of  them  work  on  the  sairie  principle,  the  main  difference 
between  them  being  in  the  mechanical  arrangements  for  holding 
the  grain  so  that  it  will  be  evenly  dried  or  conditioned.  Most  of 
them  have  ducts  running  through  the  grain,  into  which  hot  air  is 
forced  and  escapes  through  the  grain,  or  the  grain  is  columned  and 
the  air  blown  through  the  walls  of  the.  columns.  The  ducts  and 
retaining  walls  are  variously  of  wood  and.  netting,  netting  on  iron, 
or  perforated  iron.  In  this  type  of  driers  the  possible  sources  of 
danger  are  the  use  of  steam-pipes  and  of  fans  or  blowers.  The 
steam-pipes  may  cause  trouble  by  actual  contact  with  temporary 
woodwork  or  by  charring  dust  or  refuse  of  a  combustiWe  sort  that 
may  accumulate  upon  them.  Blowers  or  fans  have  the  usual  engine 
(or  electric  motor)  hazards  accompanying  them,  as  well  as  a  beat*- 
ings  hazard  of  their  own.  They  also  produce  a  draft  toward  the 
steam-coils>  stir  up  grain  dust  and  provide  drafts  -tvhich  would  f acili- 
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tate  the  spread  of  fire..  In  addition,  forced  drafts  of  hot  air  have 
a  peculiar  charring  effect  upon  wood,  causing  it  to  ignite  at  an 
alarmingly  low  temperature.  ., 

The  Hess  and  Eureka  driers  column  the  grain,  through  which  the 
air  is  blown,  passing  first  through  grain  already  dried  on  its  way 
to  the  steam-coils.  These  driers  possess  many  advantages  and  are 
as  safe  as  can  be  expected. 

Hair  Batteries. — Arrangements  for  drying  hair  in  tanneries  or 
packing  plants.  Generally  screens,  gratings  or  perforated  iron  floors 
over  steam-pipes  or  hot-air  chambers  or  both.  Enclosures  generally 
frame. 

Hanging  Rooms. — In  tanneries  leather  is  suspended  from  hooks 
over  steam-pipes  on  racks  along  the  floor  or.  in  rooms  warmed  by 
hot  air;  hazard  generally  mild.  Large  frame  halls  are  used  in  wall- 
paper hanging  rooms,  the  folds  of  paper  moving  in  festoons  over 
steam-pipes  on  racks  underneath;  a  bad  hazard  in  case  fire  starts 
owing  to  construction  and  desiccated  condition  of  rooms  and  pres- 
ence of  so  much  inflamrrtable  material.  Similar  dry-rooms  are  found 
in  playing-card  and  coated-paper  works. 

Hat. and  Hat  Body  Dry-Rooms. — In  felt,  wool  and  straw-hat 
factories.  Generally  frame  steam-heated  rooms  with  racks,  and 
pegs  for  the  hats  or  bodies.  Steam-pipe  hazard  *only,  no  gas  being 
evolved  from  the  hats.  If  stoves  supply  the  heat,  the  hazard  is 
obviously  increased. 

Hominy  Kilns.— See  desc^-iption  of  rotary  grain  driers.  The  type 
is  used  in  the  various  "health  food"  factories. 

Hop  Kilns. — The  hops  are  spread  to  a  depth  of  i8  inches  on  a 
'slatted  floor  covered  with  burlap,  and  hot  air  passes  up  through 
them  from  a  ftu^nace  in  the  first  story  of  the  kiln  house.  Twelve 
hours  is  the  usual  length  of  time  allowed  for  drying,  one  run  a 
day  being  the  custom.  Sometimes  two  runs  of  9  or  lo  hours  are 
made.  In  the  latter  case  the  fires  have  to  be  forced,  as  greater 
heat  is  needed.  From  time  to  time  the  hops  are  turned  over  so  as 
to  permit  even  drying. 

Various  styles  of  furnaces  are  used,  the  ipost  common  being 
box-shai)ed  and  horizontal,  or  drum-shaped  and  vertical,  the  flue 
being  coiled  about  the  room  before  it  enters  the  chimney.  The  fur- 
nace is  placed  in  the  center  of  the  room  under  the  slatted  floor, 
in  which  room  sulphur  is  also  burned  in  a  flat  dish  or  pot  placed 
on  the  furnace,  the  fumes  rising  and  bleaching  the  hops.  Saltpetre 
is  also  similarly  burned,  in  some-  cases,  to  toughen  the  hops  so  that 
they  will  not  damage  readily  in  handling. 

Chimneys  for  the  furnace  are  variously  constructed  of  brick,  vitri- 
fied, unglazed  and  cement  drain-pipes,  and  iron.  They  are  variously 
built  and  supported,  the  brick  ones  generally  being  single. 

Kiln  house^  is  two  stories  and  the  warehouse,  always  adjoining, 
also  two  stories.    Generally  frame  on  brick  or  stone  foundations. 

.Japan  Ovens. — For  baking  enamel  or  japan  on  bicycle  frames, 
iron-work  of  buggy  tops,  sewing  machines,  typewriters,  etc.  They 
are  generally  and  preferably  brick,  tile  or  iron  or  combinations  of 
these.  Sometimes  they  are  frame.  If  the  oven  is  on  a  wooden  floor 
its  own  floor  should  be  two  thicknesses  of  ,hx^^  l^i^miih  cement 
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mortar  or  one  iajer  on  ^-inch  of  asbestos  on  sheet- iron.  Doors  to 
be  of  iron  and  tight7fitting.  Explosion  vent  to  be  provided,  prefer- 
ably in  the  ceiling  and  leading  to  the  outside  air.  Heating  l^ 
steam-pipes  on  iron  supports,  preferably  at  the  sides.  No  open 
lights  should  be  used  -near,  as  the  vapors  given  off  during  baking 
are  explosive  when  mixed  with  air.  If  other  than  steam  heat,  such 
as  that  from  open  gas  flames,  stoves  or  furnaces,  be  used,  there 
should  be  no  direct  connection  between  the  interior  of  the  oven  and 
the  chamber  containing  the  open  flames,  otherwise  explosions  will 
be  imminent.     Preferably,  japan  ovens  should  be  located  outside. 

Ladle  Driers. — For  drying  out  and  semi-baking  the  clayJining  in 
bull  and  pouring  ladles  in  foundries.  Sometimes  wood  fires  are  built 
inside  of  them ;  sometimes  ovens,  somewhat  similar  to  core  ovens, 
are  built  for  the  purpose. 

Laundry  Dry-Rooms. — Generally  frame,  with  sectional  sli ding- 
racks  to  carry  the  articles  to  be  dried,  and  heated  by  steam-pipes. 
They  should  be  entirely  iron  or  fireproof.  Lining  with  sheet-iron 
or  asbestos  does  not  make  them  safe.  Screens  should  be  provided 
above  the  steam-pipes  to  catch  socks,  collars,  etc.,  accidentally  fall- 
ing.   See  also  remarks  on  lumber  kilns,  many  of  which  apply  here. 

Lithographed  Card  Dry-Rooms. — For  drying  freshly  litho- 
graphed cards.  Generally  frame  compartments  provided  with  gentle 
steam  heat.    Similar  to  japan  ovens,  but  a  milder  hazard. 

Lithographed  Tin  Dry-Rooms. — Used  also  for  baking  painted 
and  varnished  cans.    Practically  the  same  as  japan  ovens  (q.  v.). 

Lumber  Kilns. — In  general,  kilns  may  be  classified  as  direct- 
heated  and  steam-heated.  Direct-heated  kilns  may  be  further  sub- 
divided into  what  are  known  as  furnace,  smoke  and  open-fire  kilns. 

Furnace  kilns  are  those  in  which  stoves  or  furnace-like  fire- 
places are  utilized  to  supply  the  heat,  the  furnace  or  stove  jutting 
into  the  kiln-room  or  being  built  in  a  pit  inside  the  kiln  structure. 
In  this  type  metal  smoke  flues  may  or  may  not  be  utilized  to  sup- 
ply a  portion  of  the  heat  in  which  they  are  zig-zagged  back  and 
forth  or  coiled  in  the  kiln-house  before  venting  to  the  outside  air. 
Obviously,  this  type  of  kiln  is  very  hazardous,  owing  to  the  possi- 
bility of  live  sparks  or  heated  jets  of  air  escaping  from  cracks  or 
crevices  in  the  top  plate  or  sides  of  the  furnace  or  stove  or  in  the 
smoke  flues  from  them,  not  to  mention  the  direct  exposure  of  the 
stock  to  be  dried  or  portions  of  the  structure  by  the  stoves,  furnaces 
or  flues,  through  accident  or  poor  arrangement. 

The  open-fire  and  smoke  processes  are  crude  methods  in  which 
the  stock  to  be  dried  is  piled  or  stacked  around  and  over  an  open 
fire  built  in  a  pit  in  the  ground,  the  stack  being  enclosed  by  common 
boards  laid  against  it  and  standing  on  end  or  built  as  a  sort  of 
fence.  The  dangers  of  this  method  of  drying  are  obvious,  the 
flames,  sparks  and  smoke  passing  freely  through  the  piled  lumber 
and  providing  ripe  conditions  for  the  destruction  of  the  edifice,  if  so 
flimsy  an  affair  may  be  dignified  with  the  term.-  This  type  of  drier 
has  fallen  into  disuse  largely,  being  found  at  present  mainly  in 
Southern  States. 

Steam-heated  kilns  may  be  subdivided  into  what  is  known  as 
natural  draft  and  blower  systems.     Natural  draft  kiiKi^Oe'lae  the 
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familiar  ones  encountered  in  all  parts  of  the  country,  wherein  live 
or  exhaust  steam-pipes  are  supported  from  above,  arranged  in  coils 
about  the  sides  of  the  room,  sometimes  placed  vertically  in  the 
center,  or,  most  frequently,  built  as  a  gridiron  under  the  stock. 
Practically,  the  only  hazard  of  this  type  is  what  is  known  as  the 
steam-pipe  hazard,  although  what  appears  yet  to  be  merely  a  theory 
has  been  advanced,  that  the  banking  up  of  hot  air  and  the  subse- 
quent admission  of  cold  air  into  such  kilns  could  produce  a  fire. 
The  steam-pipe  hazard,  however,  is  quite  apt  to  be  in  its  element  in 
such  kilns,  ^specially  where  they  are  frame,  inasmuch  as  the  interior 
becomes  in  time  desiccated  and  splinters,  short  lengths  of  wood, 
dust  and  pitch  from  the  dried  stock  may  accumulate  upon  the  pipes. 

In  the  blower  type  of  kilns,  the  steam-pipes  supplying  the  heat 
are  located  generally  in  large  iron  boxes,  open  at  tne  end  for  the 
admission  of  air,  which  is  drawn  from  the  coils  and  blown  on  to 
the  kiln-room  by  means  of  fans.  The  blower  and  coils  used  are  the 
familiar  hot-air  heating  apparatus,  found  so  often  in  use  in  con- 
nection with  the  heating  of  churches,  halls,  schools  and  factory 
buildings,  the  hot  air  in  such  cases  being  delivered  to  the  desired 
points  through  metal  flues.  In  addition  to  the  steam-pipe  hazard, 
the  blowers  or  fans  in  this  system  of  drying  have  the  usual  engine 
or  electric  motor  hazard  accompanying  them,  as  well  as  bearings 
hazards  of  their  own.  The  forced  draft  itself  is  not  negligible  as 
a  hazard  when  a  fire  has  once  started,  and,  in  addition,  hot-air 
drafts  have  a  peculiar  charring  effect  upon  wood,  causing  it  to  ignite 
at  an  alarmingly  low  temperature.  It  is  even  stated  that  warm-air 
drafts,  especially  in  the  form  of  jets  such  as  might  issue  from  the 
crevices  in  poor  joints,  will  ignite  wood  at  ordinary  atmospheric 
temperatures.  The  explanation  of  this  phenomenon  is  not  at  hand, 
notwithstanding  the  fact. that  it  seems  to  have  occurred  frequently. 
It  is  just  as  well,  however,  to  bear  the  possibility  of  fires  occurring 
from  this  source  in  mind  in  the  arrangement  of  kilns.  The  steam- 
coils  and. blowers  for  kilns  are  sometimes  located  in  the  engine  or 
boiler-house,  but  are  most  frequently  found  in  a  small  addition  to 
the  main  kiln  structure.  In  many  instances  the  fan-room  is  crowded, 
dirty  and  oily,  so  that  fires  starting  at  the  bearings  have  a  good 
chance  to  spread  and  are  immediately  conveyed  to  the  interior  of 
the  kiln.  Not  frequently  it  happens. that  the  iron  box  enclosing  the 
steam-coils  rests  upon  wooden  supports.  The  practice  should  be 
discouraged,  since  the  iron  enclosure  is  at  practically  the  same  tem- 
perature as  the  coils  themselves,  and  might  cause  trouble  in  time. 
To  minimize  the  danger  from  the  forced  drafts  in  case  of  fire,  it  is 
possible  to  arrange  flap-check  valves  in  the  main  conduit  to  the  kiln, 
so  that  one  will  fall  into  place  across  the  conduit,  shutting  off  the 
draft  from  the  kiln,  while  at  the  same  time  another  opens  at  a 
point  outside  the  kiln  to  relieve  the  bank-up  pressure  ensuing.  One 
objection  to  the  blower  system,  which  can  be  overcome  effectually 
only  by  care  as  to  the  arrangement  of  the  apparatus,  is  the  fact  that 
an  induced  draft  is  set  up  and  may  draw  in  upon  the  coils  not  only 
foreign  inflammable  materials,  but  transient  sparks  from  locomo- 
tives, boiler  stacks,  boiler  furnaces  or  exposure  fires  while  the  fan 
is  in  operation. 

While  it  would  seem  that  the  blower  system  is  much  safer  than 
any  other  in  connection  with  the  drying  of  lumber,  it  appears  that 
such  is  not  the  case,   and   that  natural   draft  gi}^y[|^j^XS^f)cgreater 
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immunity  from  fires  than  any  other  kind.  The  longevity  of  any 
kind  of  frame  kiln,  however,  seems  to  be  limited  to  five  or  six 
years,  on  the  average,  and  this  fact  should  not  be  lost  sight  of  in 
considering  dry-kilns  as  internal  or  external  exposures. 

There  seems  to  be  no  valid  reason  why  dry-kilns  should  not  be 
made  entirely  incombustible,  except,  of  course,  as  far  as  their  cson- 
tents  are  concerned,  so  that  wisdom  would  dictate  that  any  lumber 
dry-kiln,  whether  of  the  natural-draft  or  blower  system,  when  inside 
or  exposing  a  main  building,  should  be  absolutely  fireproof  as 
regards  the  material  of  its  own  construction.  Automatic  sprinklers 
in  kilns  are  desirable,  but  owing  to  the  manner  in  which  lumber  is 
piled  in  kilns  these  cannot  operate  to  the  best  advantage.  Steam- 
jets,  however,  in  view  of  the  confined  nature  of  the  space  to  be 
protected,  should  be  valuable  in  the  extinguishment  of  kiln  fires. 

Malt  Kilns. — For  curing  sprouted  barley  in  making  malt.  Of  two 
general  types:  in  one,  the  heat  is  from  a  coke  or  hard  coal  fire  in 
a  central  furnace  without  a  stack,  the  heat  and  gases  rising  through 
the  grain  as  it  lies  upoh  perforated  iron  floors;  in  the  other,  the 
fires  are  located  on  either  side  of  the  kiln-room,  the  heat  passing 
up  flues  in  the  walls  and  entering  the  space  between  a  slanting 
iron  ceiling  and  the  perforated  floor,  there  generally,  in  all  types, 
being  more  than  one  of  the  latter.  The  fires  of  central-fire  kilns 
are  hooded,  the  sprouts  abraded  sliding  into  bins  beside  the  fur- 
naces from  which  they  are  removed  and  sold  as  feed.  Hopper  kilns 
have  either  wooden,  brick  or  iron-lined  hoppers  under  the  first 
perforated  floor,  or  else  the  entire  hopper  is  brick,  the  arches  form- 
ing it  being  back  to»  back,  as  it  were,  instead  of  groined.  The  roof 
of  the  whole  kiln-house  is  generally  sheathed  on  the  under  side 
on  account  of  the  humid,  chemical-laden  air  rising.  Fans  in  towers 
provide  forced  drafts,  and  the  bearings  of  these  add  a  hazard. 
Preferably,  malt  kilns  should  be  cut  off,  as  there  is  some  danger 
of  the  sprouts  igniting,  but  as  they  are  generally  fireproof,  the 
hazard  is  slight.  Steam-pipes  are  sometimes  installed  in  addition 
to  the  furnaces. 

Oat-Meal  Kilns. — See  "  Grain-driers."  Generally  of  the  pan 
type. 

Oilcloth  Driers. — Similar  to  Butterworth  driers  (q.  v.)  in  ar- 
rangement, but  more  hazardous  owing  to  the  inflammable  nature  of 
the  stock  to  be  dried.  Explosive  vapors  are  also  given  off,  and  no 
open  lights  should  be  near.  -  Also  danger  from  static  electricity 
generated  by  the  moving  oilcloth.  ^ 

Paper  Calendering. — The  drying  end  of  paper  engines  consists 
of  numerous  can  driers.  Ordinary  steam-pipe  hazard.  Pipes  some- 
times in  contact  with  floor,  but  this  is  nearly  always  wet.  No  in- 
stances known  where  engine  was  clogged  long  enough  for  the  paper 
to  ignite  from  the  cans. 

Patent  Leather  Enamel  Ovens. — First  for  drying  the  prelimin- 
ary coat  applied  to  the  leather,  consisting  of  boiled  oil,  lampblack, 
umber,  etC;,  and  then  for  baking  the  coat  of  varnish  which  is  finally 
applied  after  the  first  coat  has  been  pumiced.  These  ovens  or  dry- 
rooms  are  of,  large  area  and  frame,  with  numerous  small  detachable 
doors  or  covers  provided  on  the  front,  so  that  a  few  of  the  stretch- 
ing frames  may  be  entered  or  removed  at  a  time  without  disturbing 
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the  others  or  admitting  too  much  cold  air.  Steam-pipes  along  the 
bottom  supply  the  heat,  which  varies  from  120  to  150  degrees.  A 
tarry  or  pitch-like  accumulation  forms  on  the  inside,  being  a  con- 
densation of  the  vapors  which  emanate  during  the  baking.  As  in 
japan 'ovens,  no  open  lights  should  be  allowed  near. 

Pepsin  Driers. — Small  dry-rooms,  generally  frame,  and  contain- 
ing wooden  racks  to  carry  the  trays  holding  the  cloth  aprons  or 
glass  plates  upon  which  the  pepsin  is  spread.  All  odor  of  gasolene 
used  in  dissolving  the  pepsin  has  dissipated  before  the  pepsin  reaches 
the  dry-room,  which  involves  only  the  ordinary  hazards  of  frame 
steam-heated  rooms. 

Pottery  Dry-Rooms. — These  are  the  "green"  room,  the  biscuit- 
ware  room,  the  sagger  dry-rooms  and  the  mould  dry-rooms.  The 
green  dry-room  is  for  setting  or  drying  the  freshly  turned  or 
moulded  ware  preparatory  to  firing;  the  biscuit-room  is  for  drying 
the  silicious  coating  which  when  burned  in  the  gloss  kiln  provides 
the  glaze,  and  the  mould-rooms  for  drying  newly-made  plaster  of 
paris  moulds.  All  of  these*  are  large  rooms  containing  frame  steam- 
heated  compartments,  with  wooden  shelves  and  racks  for  the  ware. 
The  hazard  is  slight,  as  the  clay  dust  forms  a  sort  of  protection. 
Sagger  driers  are  frequently  similar  to  brick  pan-driers  (q.  v.),on 
a  small  scale,  and  are  for  giving  a  preliminary  drying  to  the  saggers 
before  they  are  burned,  saggers  being  the  containing  vessels  for 
the  pottery  to  be  fired  and  protecting  the  latter.  They  are  made  of 
"grog"   (broken  pottery)   and  some  new  clay. 

Pottery  Kilns. — These  are  of  three  general  kinds — biscuit,  gloss 
or  glost,  and  china  kilns. 

Biscuit  kilns  are  tapering  or  conical-shaped  furnslces,  substan- 
tially built  of  brick  and  bound  with  iron,  used  for  drying  or  baking 
the  ware  from  the  green  rooms.  In  modern  potteries  an  effort  is 
made  to  cut  the  kiln-house  or  shed  off  from  the  main  plant,  and 
this  is  advisable,  although  the  absence  of  such  cut-offs  should  not  be 
prohibitive.  The  ordinary  furnace  hazard  is,  largely,  the  danger  in 
connection  with  biscuit  kilns.  While  actual  contact  of  woodwork 
with  the  kiln  is  usually  avoided,  the  kilns  are  so  thick  that  this  haz- 
ard is  not  serious.  It  may  become  so,  however,  if  cracks  or  fissures 
should  form  in  the  walls  of  the  kiln.  A  small  danger  is  the  prox- 
imity, of  peep-holes,  blocked  with  loose  bricks  ordinarily,  to  desic- 
cated beams,  which  should  be  tinned  near  the  peep-hole,  as  work- 
men sometimes  neglect  to  replace  the  brick,  and  the  sudden  rush 
of  heat  from  them,  also,  may  start  the  wood  smouldering  without 
being  discovered.  A  more  serious  danger  arises  from  the  opening 
of  the  charging  door  before  the  kiln  has  become  cool  after  a  "  run." 
This  is  done  in  some  sections,  notwithstanding  the  fact  that  it  is 
claimed  to  be  detrimental  to  the  quality  of  the  ware  and  apt  to 
crack  a  large  portion  of  it.  The  dried  woodwork  above  is  some- 
times instantly  fired,  as  well  as  subject  to  ignition  from  smoulder- 
ing.   Coal  or  coke  fires  aire  generally  used. 

Gloss  kilns  are  similar  to  biscuit  kilns,  and  practically  the  same 
remarks  apply  to  them.  After  the  biscuit  ware  is  "  dipped,"  the 
glaze  or  gloss  is  burned  on.  In  some  ware  decoratioi^  precedes  the 
glossing,  but  this  precedence  is  of  little  significance  from  an  insur- 
ance standpoint.  Digitized  by  v^OOglC 
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China  kilns  are  smaller,  usually,  for  the  finer  and  more  delicate 
decorated  ware.  They  are  generally  fire-brick  furnaces  bound  with 
iron,  and  involve  the*  ordinary  furnace  hazards.  Used  also  for 
burning  "  stilts.' 

Sand-Driers. — Where  clean  sharp  sand  is  needed,  as  in  street-car 
work  for  use  on  the  tracks,  it  must  be  dried.  Driers  of  various 
patterns  are  used.  The  most  common  form,  and  an  entirely  accept- 
able one,  consists  of  a  large  stove,  surrounded  by  an  iron  drum  or. 
hopper,  into  which  the  damp  sand  is  shoveled  at  the  top,  and  from 
which  it  trickles  at  the  bpttom  as  it  dries.  This  drier  should  be  set 
on  a  cement  or  brick  platform  well  away  from  woodwork,  and  its 
flues  pass  to  a  good  brick  chimney.  Inasmuch  as  the  dry  sand  issu- 
ing is  hot  enough  to  be  dangerous,  not  only  the  floor  underneath 
the  drier  but  the  dried  sand-bin  should  be  entirely  incombustible. 

Some  driers  consist  of  a  gridiron  of  steam-pipes  close  together, 
or  of  a  perforated  pan  over  st6am-pipes,  with  a  space  underneath 
for  the  dried  sand.  This  type  is  also  acceptable  if  the  enclosing 
walls  of  the  drier  are  fireproof,  but  wooden  partitions  too  frequently 
form  these  walls  and  are  dangerous. 

One  form  of  drier  is  a  tunnel  of  low  furnace,  with  an  iron  plate 
top  upon  which  'the  sand  is  piled,  one  end  of  the  tunnel  leading  to 
a  flue  and  the  other  g^ritaining  the  grate  for  a  coal  or  coke  fire, 
unless  gas  flames  are  used,  in  which  case  no  grate  or  chimney 
obtains.  This  form  is  'crude  and  uneconomical,  since  the  whole  ' 
mass  of  sand  must  be  heated  sufficiently  to  expel  the  moisture 
before  any  sand  is  removed.  There  is  no  particular  objection  to  it 
otherwise,  except  that  the  walls  of  the  furnace  may  become  cracked, 
but  precautions  as  to  surroundings  make  this  objection  minor. 

Shellac-Driers  (or  lacquer-driers). — Generally  small  wooden  or 
iron  ovens. for  drying  shellacked  or  lacquered  ware  or  parts.  Simi- 
lar to  japan  ovens  of  the  same  type  (q.  v.).  Sometimes  mere  boxes 
containing  steam-pipes  or  gas-jets.  Latter  type  dangerous,  as  in- 
flammable vapors  are  given  off.  Larger  driers  of  this  sort  are  used 
in  lantern  works  and  correspond  to  can  dry-rooms  in  stamping 
works.  1. 

Shoddy  Rubber-Driers. — Old  rubber,  after  it  has  been  washed 
and  ground,  is  dried  in  screen-bottomed  trays  over  steam-pipes,  gen- 
erally in  frame  rooms.  Hot  air  sometimes  used.  A  hazard  of  rubber 
boot  and  shoe  factories  or  other  rubber  factories  using  mixed  stock. 

Slashers. — Machines  for  sizing  and  drying  the  warp  in  carpet 
factories,  ordinary  can-driers  being  used. 

Smoke-Houses. — Sausage  smoke-houses  nowadays  are  built  near 
the  sausage  department,  and  are  entirely  of  iron  or  brick  or  com- 
binations of  these.  Ordinarily,  they  are  two  stories  in  height  and 
appear  in  practice  on  the  walls  outside,  the  sausage  department,  rest- 
ing upon  iron  brackets.  Frequently,  they  occupy  a  paft  of  the  ham 
smoke-house  sections,  which  may  be  partitioned  oflF  for  the  purpose. 
In  some  "Gases  an  entire  ham  or  bacon  smoke-house  is  used  for 
smoking  sausages,  but  large  plants  nearly  always  have  sections 
especially  constructed  for  each  purpose.  The  two  stories  referred 
to  are  used  as  a  fire-room  below  and  a  hanging- room  above,  the 
smoke  being  furnished  by  slow  log  fires  in  the  lower  room.  The 
sausages  are  suspended  upon  hooks  on  iron  frames  on  trolleys  or 
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•mounted  as  trucks.  An  iron  grating  on  iron  supports  ftumishes  the 
floor  of  the  upper  story,  and  proper  ventilators,  extending  above 
the  roof  of  the  house,  take  off  surpJus  smoke.  Iron  fire-doors 
cover  the  openings  to  each  section,  the  sills  of  these  being  prefer- 
ably a  few  inches  above  the  floor  upon  which  the  wood  fires  are 
built.  As  an  additional  safeguard,  the  floor  of  the  sausage  depart- 
ment in  front  of  the  entrance  to  the  sections  is  concrete  or  brick, 
and  ample  clearance  is  provided  above  the  fire-doors  to  any  wood- 
'  work.  Wooden  gratings  inside  and  wooden  hanging-rails  are  unde- 
sirable as  being  ignitible  and  furnishing  fuel  in  an  interior  already 
lined  with  a  tarry  soot,  although  they  are  not  prohibitive  if  the 
smoke-houses  are  properly  constructed  in'  other  respects. 

Ham  and  bacon  smoke-houses  are  generally  built  from  the  ground 
and  are  equivalent  to  from  one  to  six  stories  in  height,  with  para- 
peted brick  walls,  earth  or  cement  floors,  and  generally  timber  roofs. 
The  division  walls  between  the  section  should  be  blank  and  all  use- 
less openings  avoided.  Necessary  openings  should  have  good  iron 
doors  covering  the  apertures  adequately.  Although  rhost  smoke- 
houses have  wooden  roofs,  there  does  not  appear  to  be  any  real 
necessity  for  this  construction,  and  modern'  packers  are  building  the 
roofs  entirely  of  iron  or  brick  and,  iron.  Heretofore,  also,  the  grat- 
ings and  rails  f  rorn  which  to  hang  the  stocl^have  been  wooden,  but 
these  are  being  discarded  for  iron  gratings  and  steel  rails.  Instead, 
also,  of  hanging  each,  ham  or  strip  of  baco;i  upon  a  rail  or  hook  on 
the  4  x4s  formerly  used,  iron  arbors  or  frames  carrying  a  num- 
ber of  pieces  are  now  mounted  on  trucks  or  suspended  from  a 
trolley  and  run  into  the  smoke-houses.  In  the  latter  instance  the 
fire-doors  should  be  built  so  as  to  be  tight-fitting  at  the  rails,  or 
else  the  rail  openings  should  be  provided  with  automatic  flaps  or 
slides.  An  excellent  device  for  this  purpose  consists  of  a  slide 
pushed  into  place,  as  the  door  is  closed  by  a  rod  attached  to  the 
door  near  the  hinge  side.  A  great  deal  of  leverage  is  obtained  in 
this  way,  insuring  reliability  of  action. 

The  sills  on  the  lowest  doors  of  smoke-houses  should  be  a  foot  or 
more  above  the  firing-floor  in  the  bottom  to  prevent  an  overflow 
of  grease  in  case  the  contents  bum  out.  It  is  well,  but  not  essen- 
tial, to  have  an  iron  hood  over  the  wood  fires  to  prevent  grease 
from  dripping  on  the  fires  and  causing  them  to  flare  up.  The  low- 
est grating,  however,  is  nowadays  placed  high  above  the  fires,  so 
that  accidents  from  this  source  are  rare.  Oak  logs  are  generally 
used  to  feed  the  fires,  although  other  woods  are  used  occasionally, 
and  when  wood  is  scarce,  corn-cobs  are  sometimes  utilized. 

Under  ordinary  circumstances  smoke-houses  are  not  dangerous, 
and  fit^s  in  them  burn  out  harmlessly,  but  the  very  high  ones  when 
full  of  stock  and  on  fire  may  damage  the  ham-house  adjoining,  as 
a  result  of  the  meat  falling  in  bulk,  causing  the  fire-doors  to  bulge 
out  and  thus  allow  the  fire  to  communicate  with  any  woodwork 
near.  Where  strings  and  wooden  hanging-rails  and  no  gratings 
otoan,  the  danger  from  this  source  is  greatest.  It  is  not  at  all 
a  supposititious  danger,  as  an  accident  resulting  in  considerable  loss 
has  actually  occurred  from  meat  falling  and  bulging  out  the  fire- 
doors.  Iron  floor  gratings  at  the  ham-house  floor  kvels,  by  limit- 
ing the  amount  pf  m€at  which  could  accumulate  at  one  point,  reduce 
this  hazard  very  materially.  Where  such  gratings  are  provided  and 
iron  arbors  and  hanging-rails  as  well,  it  i$  practically  eliminated. 
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In  examining  smoke-houses,  care  should  be  taken. to  see  that  the 
floor  beams  or  headers  do  not  lie  too  close  to  the  tops  of  the  doors, 
as  they  may  be  ignited  by  a  fire  inside.  Preferably,  there  should 
be  a  clearance  of  several  feet  over  the  tops  of  the  doors  to  any 
floor  joists  or  woodwork.  The  best  construction,  and  one  which 
may  be  regarded  as  standard  at  the  present  time,  is  that  in  which 
the  smoke-houses  themselves  are  brick  and  iron,  as  already  described, 
and  set  in  or  adjoining  a  filling  or  handling  section  of  fireproof 
construction,  cut  off  from  the  ham-house  by  fire-doors.  The  filling 
hallways  are  now  generally  joisted  and  are  frequently  not  cut  off 
from  the  ham-houae.  While  the  standard  construction  advised  is 
rather  more  expensive,  th«  security  and  conv-enience  of  arrangement 
will  mor^  than  offset  the  difference  in  cost. 

Snuff-Driers. — In  snuff  factories,  for  drying  the  tobacco  from 
which  the  snuff  is  made.  They  should  b^  of  brick,  and  the  convey- 
ors on  which  the  tobacco  passes  through  the  kiln  should  be  entirely 
of  metal.  No  inflammable  material  should  be  used  in  the  construc- 
tion of  the  kiln,  which  should  also  be  cut  off  from  the  factory. 
Preferable  methods  of  heating  are  steam^coils  and  hot  air.  Dust 
accumulations  within  the  kiln  should  be  carefully  guarded  against, 
as,  at  the  temperature  used,  explosions  are  imminent. 

Soap  Dry-Rooms, — Bar  and  cake  soap  in  the  factory  are  dried 
atmospherically,  as  a  rule,  with  the  assistance  of  a  fan.  Sometimes 
steam-coils  are  placed  in  the  rooms  or  the  air  is  drawn  through 
coils  before  it  passes  to  the  dry-rooms,  which  are  long,  low,  frame, 
tunnel-like  compartments.  Chipped  soap  is  dried  on  trays  on  racks 
over  steam-pipes,  or  in  rooms  heated  by  hot  air  circulated  by  a  fan. 

Sole-Driers. — In  shoe  factories.  Generally  shallow  wooden  or 
metal  boxes  or.  trays,  with  ^team-pipes  or 'gas-jets  under  the  sheet- 
metal  or. wire  screen  bottom. 

Starch  or  Crusting-KUns.^^Block  starch,  in  starch  \)rorks  is 
baked  or  dried  in  frame  compartments,  heated  by  steam-pipes  under 
the  wooden  racks  supporting  thje  trays  carrying  the  starch.  Sturte- 
vant  or  similar  apparatus  is  also  used.  These  rooms  are  numerous 
and  sometimes  extend  through  several  stories,  and,  as  they  are  also 
dried  out,  form  a  bad  feature.  More  modern  factories  are  using 
fire-proof  oven-like  kilns. 

Stock- Driers. — In  cotton  and  woolen  mills,  for  washed  stock.  Of 
various  types.  A  familiar  form  consists  of  a  bin,  generally  of  wood, 
with  a  gauze  wire  bottom.  The  stock  is  piled  on  the  wire  bottom 
and  heat  from  steam-coils  in  the  hollow  space  underneath  is  forced 
up  through  the  stock  by  a  fan.  Sometimes  the  heat  is  from  coils 
beyond  the  fan,  and  often  from  combinations  of  the  two  systems. 
Occasionally,  frame  or  fireproof  buildings,  with  one  or  more  grated 
floors,  are  built  for  the  purpose,  the  same  sources  of  heat  being 
used.  Care  should  be  taken  to  keep  the  pipes  free  from  wood  and 
stock  accumulations. 

Tenter  Frames. — In  dye  works  and  bleacheries.  Cloth  is  engaged 
at  its  edges  by  tenter  hooks  which  then  spread  apart  on  a  frame  to 
stretch  the  cloth.  In  some  cases  the  cloth  remains  stationary  on  a 
long  {ram^:,  and  a  car  containing  a  charcoal  fire  is  passed  ^iMite  it. 
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In  others  the  doth  passes  over  and  between  steam-coils  until  it  is 
dried.     First  method  antiquated  and  dangerous. 

Tobacco  Drying. — This  is  done  in  dry-rooms  and  rotary  driers. 
The  dry-rooms  are  for  leaf  tobacco  and  generally  wooden,  possibly 
metal-lined.  Steam-pipes  or  hot  air  are  used  for  heating.  Par- 
ticular care  should  be  taken  to  keep  pipes  free  and  bearings  of  fan 
clean.  The  rotary  driers  are  for  fine-cut  tobacco  and  are  similar 
to  feed-driers  (q.  v.).  If  direct-heated  they  are  very  hazardous, 
and  should  be  in  roomy,  fireproof  surroundings. 

Tube  Driers. — In  knitting  mills,  for  drying  the  long,  continuous 
knitted  pieces,  afterward  cut  up  for  undershirt  bodies.  One  end 
of  the  tube-like  cloth  is  placed  over  the  moutih  of  a  metal  flue  or 
tube  through  which  hot  air  from  steam-coils  is  blown,  the  goods 
ballooning  out  and  drying.  Coil  and  fan  hazard.  Trouble  might 
be  caused  by  burning  particles  from  coils  or  fan  being  blown  into 
cloth  when  dry. 

Varnjsh  Dry-Rooms. — For  facilitating  the  setting  of  varnish 
applied  to  articles,  and  are  generally  frame  rooms  heated  by  steam. 
Except  that  an  inflammable  vapor  may  accumulate  and  explode 
upon  the  entrance  of  open  lights,  the  hazard  is  that  of  steam-pipes 
and  dry  interiors.  Stoyes,  if  used,  are  dangerous,  and  should  be 
discouraged,  except  under  the  most  careful  regulations.  A  gentle 
heat  is  used  ordinarily.  These  rooms  occur  in  coffin  works  and  light 
wagon  body  and  carriage  factories;  sometimes  in  other  risks  of  a 
similar  nature. 

White  Lead  Dry  Pans. — In  white  lead  factories  the  ^tock  is 
settled  in  shallow  iron  pans  and  dried,  sometimes  over  steam-pipes 
and  dgain  by  steam  in  the  hollow  bottoms.  Ordinary  steam-pipe 
hazard,  unless  the  pans,  as  occurs  occasionally,  are  enclosed  in 
wooden  partitions  which  add  the  hazard  of  desiccated  wood. 

Wool-Driers. — In  woolen  mills,  as  mentioned,  and  in  wool  pul- 
leries.    See  "  Stock-Driers." 

Yeast-Driers. — The  moulded  cakes  are  dried  in  small  frame, 
steam-heated  rooms,  being  set  in  pans  on  racks. 

Kettles 

The  principal  features  in  connection  with  these  are  the  manner 
of  heating,  the  nature  of  their  contents  and  chances  of  it  causing 
trouble,  and  the  fact  that  tlie  kettle  is  closed  and  used  under 
pressure  or  open.  To  save  repetition  and  description  in  each  case, 
it  may  be  well  to  call  attention  to  the  fact  that  direct  flames,  espe- 
cially other  than  gas,  are  not  so  easily  regulated  and  result  in  boil- 
ing over  or  excessive  ebullition  of  a  sputtering  sort,  so  that,  even  if 
boiling  over  does  not  ensue,  the  surroundings  may  be  spattered. 

Brewii^g  Kettles. — Generally  copper  and  enclosed,  but  not  used 
under  pressure.  Formerly  set  on  brick  furnaces  with  coke  or  coal 
fires,  but  nearly  always  nowadays  heated  by  steam. 

Cookers. — Used  ia  distilleries,  breweries,  linseed-oil  mills,  cotton- 
seed-oil mills,  cereal  food  plants,  etc.  In  distilleries  they  are  cylin- 
drical iron  tanks,  on  iron  legs,  with  wooden  platforms  on  top  of 
them  for  cooking  the  mash.     Subject  to  rapid  variations  of  tern- 
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perature,  as  the  mash  is  cooled  rapidly  after  being  cooked.  Some 
danger  of  explosion  on  this  account.  In  breweries,  for  practically 
the  same  purpose  and  similar  apparatus.  In  linseed  and  cotton-seed 
oil  mills  they  are  for  cooking  the  ground  seed  or  meal  to  start  th^ 
exudation  of  the  oil,  and  are  a  worse  hazard.  They  are  iron,  steam- 
heated  receptacles  containing  stirring  paddles ;  no  wooden  enclosure  ' 
should  be  allowed  about  them,  as  these  become  oily  and  act  as 
catch-alls  for  stray  meal,  etc.,  causing  numerous  fires.  Cookers 
for  grain,  etc.,  involve  steam-pipe  hazard  only. 

Digesters. — In  paper  and  strawboard  mills,  for  digesting  wood, 
rags  or  straw.  Cylindrical  or  spherical  rotating  iron  vessels  in 
which  the  raw  stock  and  chemicals  are  mixed  with  steam  under 
pressure.     Steam-pipe  and  explosion  hazard. 

Doublers. — Redistilling  apparatus.     See  "  Stills." 

,Dye  Tubs. — In  dye  works.  Wooden  or  copper  vats  almost  invari- 
ably heated  by  steam  nowadays.  Surroundings  wet  and  haz3rd 
negligible. 

Fried  Cake  or  Cruller  Kettles.--In  bakeries  and  sometimes  in 
dwellings.  Shallow  kettles  or  pans  containing  melted  lard,  into 
which  the  dough  is  dropped  and  fried.  Generally  heated  by  direct 
fire  and  a  bad  hazard.  Surroundings  generally  greasy,  as  the  boil- 
ing and  bubbling  lard  sputters  over  neighboring  walls,  partitions 
and  floor.    Should  be  in  fireproof  surroundings  if  used  regularly. 

Glue  and  Paste-Pots. — These  would  appear  to  be  comparatively 
innocent  as  hazards.  They  are  prolific  sources  of  fire,  however, 
especially  as  frequently  heated  and  arranged.  About  the  most 
hazardous  heating  device  is  an  oil  stove.  Frequently  small  stoves, 
which  are  little  more  than  lamps  with  tin  chimneys  surmounted 
by  rests  for  the  pots,  are  used,  being  carried  from  place  to  place 
and  allowed  to  rest  on  benches,  boxes,  shelves,  etc.  They  are  top- 
heavy,  unstable  and  easily  upset.  Next  in  hazardousness  is  the 
small  regulation  iron  base  oil  stove.  It  is  not  so  easily  upset, 
although  far  from  immune  from  such  accidents.  In  both  types 
over-heating  of  the  oil  in  the  base,  explosions  and  boiling  over  of 
the  glue  on  to  the  flames,  are  ever-present  dangers,  in  addition  to 
the  direct  exposure  of  inflammable  materials,  such  as  patterns, 
shavings,  shelving,  benches,  etc.  Both  kinds  should  be  prohibited 
unless  well  enclosed  in  metal  boxes  having  only  one  side  open  and 
set  in  trays  with  sand  under  the  stove. 

Gas-jets  are  less  objectionable,  but  carry  with  them  the  objection 
to  open  lights,  use  of  matches,  direct  exposure  to  infljammable 
materials,  etc.  Very  often  otherwise  arranged  glue-pots  are  found 
in  a  recess  below  a  bench  so  disposed  as  to  endanger  the  under  side 
or  supports  of  the  bench.  Particular  pains  should  be  taken  in  exam- 
ining such  devices  to  see  that  the  flames  or  heat  from  them  does 
not  lap  around  the  bottom  or  sides-  of  the  pot  in  such  a  way  as  to 
expose  woodwork  or  heat  up  the  enclosing  metal  case,  so  that  it  will 
expose  woodwork;  Gasolene  torches  are  sometimes  used  and  should 
be  absolutely  prohibited. 

Steam-heated  pots  are  the  safest,  all  things  considered,  the  only 
danger  being  that  in  the  steam-pipes  leading  to  the  bath  of  heater, 
as  a  rule.     Ordinary  warming-coils,  caul-boxes  and  dry-boxes  are 
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often  utilized  for  heating  the  pots,  but  without  increase  of  hazard. 
An  excellent  type  of  beater  is  a  small  hollow  iron  disc,  heated  by 
steam,  and  resting  on  iron  supports.  The  surroundings  of  such 
heaters  are  easily  kept  clean,  whereas  the  battery  type  of  jacketed 
heater  has  a  tendency  to  become  dirty. 

Hot  Water  Kettles. — In  various  risks,  such  as  breweries,  dye 
works,  plating  works,  etc.  Method  of  heating  most  important 
feature. 

Licorice  Kettles. — In  tobacco  factories.  Steam-jacketed  iron  or 
copper;  sometimes  stove-heated.  Used  for  melting  and  preparing 
licorice  in  flavoring  tobacco.  Rum  and  alcohol  are  sometimes  added 
in  flavoring,  being  especially  significant  if  the  kettle  be  direct- 
heated. 

Lye  Kettles. — In  soap  factories  and  chemical  works.  Generally 
iron  and  steam-heated,  containing  strong  lye  water. 

'Mash-Tubs. — Steam-heated  iron  vats  for  preparing  mash.  Gen- 
erally contain  stirring  paddles. 

Mixing  ICettles. — No  particular  type.  For  various  purposes,  in 
chewing  gum  mixing,  varnish  mixing,  pharmaceutical  works,  making 
stuffing  grease,  etc. 

Oil-boiling  Kettles. — In  linseed-oil,  varnish,  patent-leather  and 
cheap  paint-mixing  works  principally.  Generally  iron  or  copper 
kettles  set  on  low  brick  furnaces,  and  using  coal,  coke,  wood,  gas, 
etc.,  as  fuel.  Great  danger  of  boiling  over  and  should  be  in  fire- 
proof suri-oundings.  They  are  generally  built  oh  hearths,  with 
hoods  and  flues  above. 

Oil-warming  Pots. — In  tanneries  oil  at  tables  is  warmed  in 
shallow  kettles  or  pots  generally  by  steam,  but  sometimes  by  oil 
lamps,  jets,  etc.,  in  which  case  they  are  dangerous. 

Pharmaceutical  Kettles. — This  heading  includes  the  various  cop- 
per or  iron,  steam  or  direct-heated  kettles  used  in  pharmaceutical 
works  for  making  elixirs,  extracts,  infusions,  decoctions,  syrups, 
porous  plasters,  etc.  They  are  mostly  for  melting  or  boiling. 
Steam-heated  ones  a  mild  hazard;  those  direct-heated  may  be  seri- 
ous, depending  upon  substance  heated  and  environment. 

pitch-Pots  and  Kettles* — In  breweries,  for  melting  pitch  to  line 
kegs  with.  See  "  Tar  and  Asphalt  Kettles  "  and  "  Pitching  Appa- 
ratus." 

Process  Kettles. — In  canning  factories.  Really  cooking  kettles. 
Sometimes  enclosed  entirely  with  covers.  Steam-heated  nowadays 
and  a  mild  hazard. 

Rendering  Tanks. — These  are  large,  vertical  iron  tanks,  4  to  6 
feet  in  diameter,  generally  steam-heated  and  extending  from  the 
first  to  the  top  story  of  the  rendering  house.  They  are  made  of 
riveted  boiler  iron  and  are  provided  with  trapped  openings  for  the 
admission  of  oflFal.  When  they  are  steam-heated  th«  danger  from 
them  is  small,  being  an  ordinary  steam-pipe  hazard-;  and  the  clear- 
ance of  the  tanks  and  pipes  to  them  is  practically  all  that  needs  to  be 
considered,  as  gasolene  is  not  used  in  rendering  tanks  in  packing 
houses.     If  heated  by  direct  fires,  however,  which  is  seldom  done 


Manufacturing  Hazards  yy 

in  any  but  small  plants,  they  may  become  very  hazardous.  Their 
manner  of  heating  is  then  important,  as  well  as  the  usual  features 
of  clearance.  The  charging  floor  is  always  more  or  less  oily  and 
greasy,  although  many  well-regulated  plants  reduce  this  objection 
to  a  minimum  by  care. 

Rosin  Kettles. — ^For  melting  rosin  in  varnish  works,  in  pipe 
bending,  etc.  Apt  to  boil  over;  if  direct-heated,  a  bad  hazard,  and 
should  be  set  in  fireproof  surroundings  if  inside. 

Salt-Pans. — Huge  iron  kettles  for  evaporating  saline '  water. 
Steanl  or  direct-heated.  Generally  in  light  frame  structures,  which 
become  thoroughly  desiccated  and  the  floors  of  which  are  apt  to  be 
in  contact  with  the  sides  of  the  pan  or  kettle. 

Soap  Vats  or  Boilers. — Huge  iron  or  wooden,  generally  the 
former,  vats  or  tanks  used  in  the  final  boiling  operation  of  soap- 
making.  Generally  steam-heated  and  a  mild  hazard.  Sometimes 
direct-heated,  the  furnace  hazard  then  being  important.  Surround- 
ings generally  slopped  with  soap  stock,  giving  an  appearance  of 
hazardousness  which  does  not  exist. 

Steamers.-^In  a  variety  of  risks  for  varying  purposes,  but  gen- 
erally involving  the  same  principle.  For  steaming  logs  in  turned 
veneer  works,  articles  to  be  bent  in  wood-workers,  bottled  beer 
in  breweries,  etc.  Generally  a  tight  chamber  to  which  steam  is 
admitted.     Steam-pipe  hazard  only. 

Stills. — In  various  classes  of  risks,  for  driving  off  volatile  and 
condensable  Unatter,  such  as  alcohol,  gin,  rum,  naphtha,  water, 
pyroligneous  acid,  etc.  Generally  a  closed  vessel,  with  an  outlet 
conduit  at  the  top  to  a  worm  or  condenser  of  some  sort,  the  vapors 
passing  over  and  being  cooled  to  liquefy  them.  In  all  stills  where 
inflammable  vapors  are  given  off,  direct  heat  is  dangerous  in  addition 
to  the  usual  furnace  hazards,  as  leaks  and  explosions  may  occur. 

Stufiitf^  Grease  Kettles. — For  *  mixing  and  preparing  stuffing 
grease  (neatsfoot-oil  and  tallow,  largely)  in  tanneries.  Generally 
open  iron,  steam-heated  kettles,  the  surroundings  being  greasy,  as 
a  rule.  If  direct  heat  be  used,  they  are  a  bad  hazard  inside.  Table 
grease,  or  excess  grease  scraped  from  the  leather  in  setting,  is 
reclaimed,  as  well  as  that  from  greasy  scraps,  in  similar  or  th« 
same  kettles. 

Sugar  Kettles. — Specifically,  those  used  for  boiling  sugar  and 
glucose  in  candy  factories.  Generally  steam-heated  and  copper. 
Direct-heated  kettles  fpr  the  purpose  are  called  candy  furnaces 
(q.v.). 

Syrup  Kettles.— Practically  the  same  as  the  above.  Used  maitily 
in  making  syrup  from  sugar,  in  making  extracts,  elixirs,  etc.,  and 
in  reducing  syrups  to  sugar. 

Tar  and  Asphalt  Kettles. — Both  portable  and  stationary.    Used 
in  roofing  houses,  paving  streets,  caulking  decks  and  heavy  floors,  \ 
making  electrical  insulation,  etc.     Generally  direct-heated  and  apt 
to  boil  over.    Should  be  used  only  in  fireproof  surroundings. 

Varnish  Kettles. — Specifically,  the  last  mixing  and  boiling  kettle 
in  varnish  making.     Direct-heated,  being,  as  a  [J^i|^3b^i4^j5d[en 
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trucks  so  that  they  may  be  quickly  withdrawn  from  over  the  fire- 
place, the  operation  being  critical  as  to  ultimate  quality.  Used,  as  a 
rule,  in  huge  brick  hearths  in  fireproof  surroundings.  Prohibitive 
inside  main  buildings. 

Vacuum  Pans. — A  type  of  evaporating  or  boiling  apparatus,  util- 
izing the  principle  that  substances  in  a  vacuum  boil  at  a  lower  tem- 
perature than  ordinarily.  Closed  copper  or  iron  kettles,  air  being 
exhausted  after  the  stock  is  admitted.  Pans  of  the  sort  may  be 
single,  double  or  multiple  effects.  Principal  uses  are  in  making 
beef  extract,  malt  extracts,  "  stic,"  glue,  sugar,  glucose,  beet  sugar, 
condensed  milk,  bark  extract,  etc.    Steam-heated  and  a  mild  hazard. 

Wax-Pots. — For  melting  sealing-wax  used  in  setting  bicycle  tires, 
beeswax  and  cobblers'  wax  in  shoe  factories,  stearine  and  paraffine 
in  candle  making,  and  packing  sausage  for  export,  pattern  makers' 
wax,  etc.  In  shoe  factories  wax-pots  are  now  on  the  ma,chines  and 
steam-heated  or  warmed  by  small  gas-jets,  but  formerly  they  were 
variously  heated  and  detached.  If  direct  heat  be  used  in  any  case, 
fireproof  surroundings  are  necessary  to  prevent  loss  in  case  of 
upsets,  boiling  over,  etc. 

Miscellaneous 

Acids. — The  principal  hazardous  acids  of  commerce,  with  their 
predominant  characteristics,  are  as  follows : 

Picric. — Commercially  in  yellow  prisms  or  crystals.  Fuses  at  246 
degrees  F.  Explodes  at  600  degrees  and  highly  dangerous  when 
steam  or  water  is  dashed  on  it.  Soluble  in  water,  alcohol  and  gaso- 
lene. Used  as  a  hop  substitute  in  making  beer  and  in  dyeing  silk 
and  wool;  also  in  making  explosives  and  in  solution  in  gasolene 
for  use  in  gasolene  engines,  gasolene  absorbing  five  per  cent  of  it. 
Explodes  easily  when  mixed  with  red  lead  or  other  oxides,  such 
as  iron  rust.  Sodium  salt  of  picric  acid,  sometimes  sold  as  picric 
acid,  is  very  explosive  and  dangerous.  Ammonium  and  potassium 
picrate  are  also  very  explosive  when  heated  or  struck. 

Sulphuric,  or  Oil  of  Vitriol. — Colorless  when  pure,  but  light 
brown  or  yellow  in  its  cheap  commercial  forms.  Heavjr  and  oily. 
Kept  ordinarily  in  carboys.  Most  widely  used  of  all  acids  in  arts 
and  manufactures.  Absorbs  water  so  rapidly,  with  the  evolution 
of  heat,  that  the  sudden  addition  of  water  will  cause  an  explosion. 
Chars  many  substances  by  deoxidizing  them,  this  property  render- 
ing it  dangerous.  Poured  on  sugar,  it  inflames.  It  attacks  all  ordi- 
nary metals  but  lead,  corrodes  all  cloths  and  most  combustibles, 
and  reacts  upon  a  great  many  chemicals.  It  should,  therefore,  be 
handled  and  stored  with  care  to  prevent  spilling  or  breakage  of  the 
carboys. 

Nitric,  or  Aqua  Fortis. — A  colorless,  corrosive  liquid,  kept  ordi- 
narily in  carboys.  Used  widely  in  the  arts  and  manufactures. 
Attacks  all  metals  except  gold,  platinum  and  aluminum.  Sets  fire 
readily  to  dry  packing  materials,  such  as  straw,  sawdust,  paper, 
etc.,  and  nitrates  produced  by  its  action  are  also  likely  to  oxidize 
and  set  fire  to  combustibles  mixed  with  them.  It  also  sets  fire  to 
wood  in  bulk  if  allowed  to  soak  into  it.  In  contact  with  phos- 
phorus, charcoal  and  many  other  substances  in  common  use,  it 
inflames.    Steel,  iron  or  brass  filings  on  floors,  jni^e^^g|^(^ cause 
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it  to  give  off  deadly  fume$  which,  together  with  the  evaporating 
acid,  render  it  extremely  dangerous  for  firemen  or  workmen.  It 
should  be  handled  and  stored  with  great  care. 

Acetic. — Practically  the  same  as  vinegar.  Boils  at  about '  240 
degrees  F.,  giving  off  a  vapor  which  burns  like  that  of  alcohol, 
otherwise  practically  non-hazardous  as  ordinarily  found  and  used.' 

Hydrofluoric— Colorless  liquid,  fuming  strongly  in  the  air,  with 
a  pungent  irritating  odor.  Boils  at  sixty-seven  degrees  F.  Cor- 
rodes glass  rapidly  and  kept  ordinarily  in  gutta  percha  bottles. 
Combines  with  sulphuric  and  phosphoric  anhydrides  with  great 
evolution  of  heat ;  likewise  with  water. 

Hydrochloric  or  Muriatic. — This  has  a  suffocating  odor  and  very 
strong  attraction  for  water;  otherwise  it  is  comparatively  harmless. 
Commonly,  it  has  a  bright  yellow  color,  and  is  stored  in  carboys. 

Bale  Openers. — Cotton  bales  should  not  be  opened  with  an  axe, 
as  it  may  strike  fire  on  the  bale-ties  and  ignite  the  cotton.  The 
spark  may  smoulder  for  hours  and  break  out  after  the  stock  has 
been  carried  to  the  mill.  A  duck-bill  wrench  should  be  used,  this 
to  have  one  edge  beveled  to  prevent  a  broken  bit  of  the  bale-tie 
from  remaining  in  the  bale. 

Banana  Ripening. — In  connection  with  wholesale  fruit-houses 
green  bananas  are  ripened  by  artificial  heat,  generally  from  open 
gas-jets  or  crowns  along  the  floor.  Inasmuch  as  considerable  pack- 
ing-straw is  about,  as  a  rule,  this  is  a  dangerous  practice,  and  care 
should  be  taken  to  see  that  the  burners  are  properly  shielded. 

Bark  Mills. — ^Generally  in  connection  with  tanneries.  For  grind- 
ing the  bark;  used  in  the  leach-tubs  in  preparing  the  tanning  liquor. 
Of  two  general  kinds,  one  being  like  a  vertical  corn-shellei*  and  the 
other  a  chipper,  in  which  radial  blades  on  the  side  of  a  wheel  cut 
up  the  bark.  Both  kinds  have  dusty  surroundings  and  explosions 
can  occur.  Shafting  hazard  also  considerable,  and  if  belt-and- 
bucket  elevators'  are  used  to  convey  away  the  bark  these  should 
have  self -cleaning  heads.  Wooden  conveyors  generally  remove  the 
bark.    Bark  mill-house  shotild  be  cut  off. 

Batch  Warmers. — For  warming  candy  batches  in  making  stick 
and  other  candy  shaped  by  hand.  They  are  variously  built.  Some- 
times a  steam  slab  or  table,'  with  a  coil  set  vertically  on  top ;  again 
a  direct-heated  plate,  the  low  wall  of  jets  or  low  furnace  (char- 
coal) set  on  top.  Arrangement -of  heating  device  and  clearance  at 
tables  important. 

Bending. — Bending  is  done  in  various  ways,  some  of  them  in- 
volving hazardous  processes  in  the  actual  bending,  and  others  not. 
In  many  instances — in  the  case  of  shovel,  post-hole  digger,  wheel- 
barrow, plow  and  com-planter  handles,  felloes,  etc. — the  object  is 
steamed  and  bent  and  then  set  in  regular  dry-rooms  while  still  in 
the  frames  holding  them  to  the  desired  shape.  There  exists  here 
the  steam-pipe  hazard  in  connection  with  the  steaming-vat,  as  well 
as  the  dry-room  hazafd.  In  other  cases  steam-heated  frames  are 
used  to  expel  the  moisture  from  the  bent  stock  and  set  the  latter 
to  the  desired  form.  Such  apparatus  is  used  where  buckling  or 
other  warping  than  that  designed  is  to  be  especially  avoided,  and 
we  have  only  the  steam-pipe  hazard.  Digitized  by  CjOOQIc 
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A  different  type  of  bender  from  the  above  is  wharf  is  known  as  a 
panel-bender,  used  for  ciatving  or  warping  pieces,  generaliy  with  the 
grain  running  parallel  with  the  cylindrical  surface  and  depending 
upon  heating  one  side  only  of  the  work.  Coach  door  or  body  panels, 
guitar  sides  and  pieces  of  similar  description  are  bent  in  this  way. 
Curved  plates,  cylinders,'  etc.,  of  iron  serve  as  forms  upon  which 
to  lay  the  work,  being  variously  heated  by  gas  or  gasolene  flames, 
small  fires  or  steam. 

Benzine. — Highly  volatile  and  inflammable  colorless  liquid.  Fumes 
heavier  than  air  and  apt  to  accumulate  in  partly  empty  vessels  or 
fall  to  floor  and  hang  together  until  they  reach  an  open  flame. 
Such  fumes  have  traveled  lOO  feet  to  a  flame  and  flashed  back  to 
the  vessel.  Benzine  vapor  and  air  mixed  are  very  explosive.  Ben- 
zine is  used  mainly  for  cleaning,  especially  greasy  or  oily  surfaces. 

Bleaching,  Sulphur. — In  various  risks — ^hop-kilns,  malt-kilns, 
broom  factories,  rattan  works,  etc.  Generally  by  burning  sulphur 
in  an  iron  or  stone  pot  in  a  tight  room.  As  sulphur  boils  i^ver 
readily  when  burning,  the  pots  shouid  be  of  ample  capacity  and 
preferably  on  fireproof  floor. 

Board  Scrapings. — In  cutting  upper  leather,  prind-paHy  in  shoe 
factories^  the  cuttmg  boards  are  coated  with  linseed-oil  to  prevent 
their  surfaces  from  chipping  too  easily.  These  boards  have  to  be 
planed  every  week  or  two  to  level  the  surface  up,  and  the  process  is 
called  "  scraping."  The  refuse  is  subject  to  spontaneous  combustion 
and  should  be  removed  separately.  \ 

Branding. — In  breweries,  distilleries  and  other  risks  using  bar- 
reled, boxed  or  keg^ed  goods;  in  packing  houses,  on  hams  and 
bacons.  Irons  with  imprints,  letters  or  marks  are  selt-heated  or 
heated  in  forges,  stoves  or  salamanders.  Self-heated  irons  are  sta- 
tionary or  portable,  the  former  being  set  on  tables  and  heated  from 
the  under  side.  Rests  should  be  provided  for  portable  irons.  Clear- 
ance and  method  of  heating  important. 

Breechings.— See  "  Boilers." 

Brush  Machines. — Cloth-cleaning  machines  in  textile  mills.  Dust 
and  shaftings  hazard. 

Buffing. — Polishing  by  means  of  cotton  wheels  and  rouge.  Con- 
siderable dust,  and  fly  or  lint  raised.  Shafting  becomes  clogged, 
flashing  of  refuse  is  imminent  and  spontaneous  combustion  may 
take  place"  iii  refuse  accumulations  on  account  of  the  stearine  used 
as  a  binder  in  the  rouge. 

Bunsen  Burners. — A  type  of  gas-burner  in  which  air  is  admitted 
back  of  the  burner  to  increase  the  heat.  -Used  in  various  apparatus. 
Specifically,  a  small  tube  burner,  with  a  heavy  base  to  keep  it  from 
upsetting,  used  in  laboratories,  jewelry  repair  work,  tube  and  vial 
works,  etc.  Rubber  tubing  to  them  rots  or  becomes  loosened,  and 
may  cause  trouble. 

Candles. — Hazard  of  these  arises  from  their  habit  of  softening 
and  falling  over,  of  burning  down  and  upsetting.  Too  frequently 
stuck  on  woodwork  and  left  to  burn  alone. 

Carbureters. — See  "Gas-stacks  and  Retorts."  Carbureters  for 
enriching  gas  or  making  gasolene  gas  are  variously^buiit  chambers) 
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usually  made  to  expose  a  large  surface  of  gasolene  to  air  passing 
over  it.    They  should  never  be  inside,  but  outside  and  well  removed. 

Cartridge  Filling. — Hazard  due  to  presence  of  powder  loose  and 
chances  of  detonation  or  ignition  accidentally.  Should  be  done  in 
roomy,  fireproof  surroundings. 

Carpet  Sewing.— Where  electrical  machines  are  used^  the  usual 
small  electrical  motor  hazard  is  present. 

Catch-basins. — The  waste  products  of  gas-making  are  drained  to 
tanks  let  into  the  ground,  the  top  being  flush  with  the  surfape  of 
the  ground.  Thrpugh  derangement  of  the  apparatus  and  other 
pauses,  volatile  by-products  sometimes  escape  into  the  catch-basin, 
and  may  be  ignited  by  stray  sparks  falling  through  open  covers, 
and  as  the  sides  of  the  catch-basin  are  usually  coated  with  tar, 
a  smart  fire  results  from  the  woodwork,  the  tar  and  the  lighter 
by-products.  The  catch-basin  should,  therefore,  be  so  located  as 
not  to  expose  adjacent  property. 

Celluloid. — ^Made  by  treating  pure  cotton  or  tissue  paper  with 
nitric  acid  and  mixing  the  product,  called  pyroxylin,  with  camphor, 
coloring  matter,  alcohol,  and  sometimes  oil.  Highly  combustible, 
taking  fire  without  flame  at  about  300  degrees  F.  Used  as  a  sub- 
stitute for  iVory,  bone  and  shell.  It  can  be  cemented,  a  cement 
consisting  of  a  solution  of  pyroxylin  in  alcohol  and  ether  being 
used.    The  cement  is  equally  dangerous. 

Chemicals. — ^These  are  too  numerous  and  have  too  many  'charac- 
teristics to  be  treated  in  detail  here.  The  more  common,  therefore, 
will  be  treated  briefly: 

Acetone. — A  colorless  liquid  with  a  sweetish  odor,  and  very  in- 
flammable. 

Acetylene. — A  colorless  gas  with  a  garlicky  smell.  Produced 
commercially  by  treating  calcium  carbide  with  water.  Used  as  an 
illuminant  and  to  supply  heat.  The  gas  in  air  forms  explosive  mix- 
tures, the  percentage  varying  from  3  to  82. 

Alcohol. — A  volatile,  colorless  liquid,  burning  in  air  with  a 
blufsh,  almost  invisible  flame.  Its  vapors  form  exptosive  mixtures 
with  air. 

Ammonia. — A  gas  consisting  of  nitrogen  and  hydrogen.  ^  Dis- 
solved in  water,  it  is  known  as  ammonia  water,  ammonia  liiquor, 
aqua  ammonia,  etc.  It  decomposes  into  its  elements  at  900  degrees 
F.,  but  is  not  combustible  at  ordinary  temperatures.  It  is  not" 
explosive,  but  when  liquid  ammonia  is  stored  in  drums,  with  insuf- 
ficient space  left  to  allow  it  to  expand,  the  drums  may  btjrst  on 
warm  days.    Saturated  with  oil,  it  will  explode  if  lighted. 

Calcium  Carbide. — A  grayish  crystalline  solid.  In  contact  with 
water  it  forms  acetylene,  and  should  be  kept  in  tight,  firepro<>f 
boxes.  ■ 

Camphor. — ^Very  inflammable,  burning  with  a  bright,  smpky 
flame. 

Carbon  Bisulphide. — ^An  extremely  inflammable  liquid,  colorless 
when   pure.     It  ignites  at  a  very  low   temperature   and  .m«^  be 
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exploded  by  shock.     One  of  the  most  dangerous  substances  used 
in  the  arts. 

Chlorate  of  Pota&h.^-A  salt  rich  in  oxygen  which  is  weakly  held 
in  combination,  making  the  compound'  dangerous.  When  heated,  it 
decomposes,  with  the  evolution  of  more  heat,  into  potassium  chloride  . 
and  oxygen.  If  mixed  with  combustibles,  therefore,  and  ignited, 
the  oxygen  liberated  causes  rapid  combustion.  "  If  melted  and 
brought  in  contact  with  coal  gas,  it  burns  spontaneously.  It  forms 
dangerous  combinations  with  many  other  substances,  and  the  kegs 
in  which  it  is  stored  should  be  kept  outside. 

CoaL — Soft  coal  is  subject  to  spontaneous  combustion  under  cer- 
tain conditions  not  definitely  known,  and  should  not  be  stored  in 
quantity  where  it  exposes  woodwork. 

Collodion. — A  solution  of  gun  cotton  in  ether  and  alcohol. 

Ether. — An  extremely  volatile,  colorless  liquid.  Its  vapors  ar€ 
-heavier  than  air  and  very  inflammable.  The  cans  containing  it 
should  be  kept  in  a  cool  place. 

Fu^el-OU. — A  mixture  of  alcohols,  amyl  alcohol  being  its  chief 
constituent.  An  oily  liquid  slightly  yellow  in  color  and  very  in- 
flammable. 

Hydrocyanic  Acid  Gas. — A  very  poisonous  gas.  Inflammable. 
Mixed  with  air  in  certain  proportions,  it  explodes.  Used  for  killing 
weevils  in  mills  and  elevators. 

Hydrogen. — A  colorless,  tasteless,  odorless  gas,  the  lightest*  of  all 
known  substances.  It  bums  in  contact  with  oxygen,  and  in  air 
forms  explosive  mixtures,  the  percentage  varying  from  5  to  80. 
Commercially,  kept  in  cylinders. 

Lampblack. — A  form  of  carbon  consisting  mainly  of  the  soot 
from  the  smoky  flames  produced  by  burning  in  an  insufficient  supply 
of  air  highly  tarbonaceous  substances.  It  is  subject  to  spontaneous 
combustion  and  should  be  kept  in  metal  receptacles. 

Lead  NitratCv— When  mixed  with  organic  matter  and  rubbed  or 
subjected  to  friction,  it  may  cause  ignition. 

Mardh  Gas  or  Methane. — A  hydrocarbon  produced  when  vege- 
table matter  decays  in  the  presence  of  moisture.  Sometimes  con- 
fined in  layers  of  coal.  Inflammable  and  forms  explosive  mixtures 
with  air.  f     ■ 

Oxygen, — A  colorless,  odorless,  tasteless  gas,  >the  basis  of  com- 
bustion. It  enters  into  combination  readily  with  numerous  sub- 
stances, the  combination  evolving  heat.  Kept  commercially  in 
cylinders. 

Phosphorus. — Generally  in  the  form  of  yellow  or  whitish  sticks. 
It  inflames  at  iii  degrees  F.,  and  should  be  kept  under  water.  .  The^ 
flame  of  phosphorus)  however,  does  not  generally  ignite  solid  sub- 
stances, although  it  sets  fire  readily  to  paraffine,  sulphur  or  wax, 
and  in  contact  with  chlorate  of  potash  it  may  cause  a  violent 
explosion. 

Rosin  Spirit. — A  colorless  or  slightly  yellow  liquid,  with  a  low 
flash-point,  very  volatile  and  inflammable.  It  absorbs  oxygen  from 
the  air  with  the  production  of  heat.  DigptizedbyVjOOglC 
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Saltpeter  or  Nitre. — Many  similar  characteristics  to  chlorate  of 
potash,  being  rich  in  oxygen  weakly  held  in  combination.  One 
volume  of  nitre  represents  3000  of  air  in  its  power  for  supporting 
combustion.  Fires  in  J:he  bags  in  which  it  has  been  kept  burn 
fiercely;  therefore,  and  can  occur  spontaneously.  In  contact  with 
hot  coals  it  deflagrates  violently. 

Sodium  and  Barium  Peroxide. — Bleaching  powders  of  a  highly 
dangerous  nature.  Mixed  with  wood  dust  and  struck,  they  explode, 
Either  should  not  be  scattered  on  the  floor,  as  the  contact  of  a 
heel  with  it  would  cause  a  fire. 

Sulphur. — Comparatively  harmless  alone.  It  burns  freely,  but 
does  not  ignite  at  less  than  5(cx>  degrees  F.  Its  vapor  explodes 
spontaneously  when  mixed  with  air.  It  may  be  detonated  when 
mixed  with  chlorate  of  potash,  and  is  ignited  by  phosphorus  flames. 

Compounding  and  Laboratory  Work. — This  involves,  besides 
the  use  of  retorts,  Bunsen  burners,  small  ovens,  etc.,  the  mixing  of 
chemicals  which  may  inflame,  detonate  or  explode.  Compounding 
in  wholesale  drug  stores,  as  generally  found,  is  a  misnomer,  being 
mechanical  mixing  of  substances  which  do  not  unite  chemically. 
The  closet  or -hod  used  to  carry  off  noxious  fumes  should  be  fire- 
proof and  not  frame,  as  generally  happens. 

Dipping.— Reference  is  made  to  the  rapid  process  of  immersing 
the  object  in  a  bath  of  oil,  paint  or  varnish,  and  then  withdrawing 
it  and  allowing  the  coating  to  dry.  Where  benzine,  cut  paint  or 
varnish  is  used,  the  hazard  is  obviously  most  serious.  Ordinarily, 
the  dipped  articles  are  stacked  or  hung  over  a  trough  draining  back 
to  the  dipping-tank.  The  latter  should  be  iron  and  provided  with 
a  cover  which  may  be  let  down  to  smother  flames  in  the  trough. 
The  hazard  of  dipping  is  due  to  the  presence  of  the  inflammable 
coating,  the  spattenng  of  this  around,  the  vapor  or  fumes  from  it, 
and  the  chances  of  ignition  by  lights  or  static  electricity,  not  to 
mention  the  presence  of  newly-dipped  stock  in  quantity. 

Dust  Hazard. — Briefly,  this  is  due  to  the  rapid  ignition  of  dust 
particles  suspended,  in  air,  the  ignition  being  so  rapiS  as  to  amount 
to  an  explosion.  The  dust  of  any  substances  which  will  burn  or 
oxidize  will  explode  when  properly  mixed  with  air.  Dust  also  clogs 
bearings,  causing  them  to  heat,  and  many  dusts  settling  and  becom- 
ing oily  may  ignite  spontaneously. 

Egg-Candling. — Generally  in  commission  houses,  packing  houses 
and  other  risks  handling  eggs  in  quantity.  Candling  consists  in 
holding  the  eggs  before  a  light,  formerly  from  candles,  to  ascer- 
tain if  they  are  addled  or  not.  Oil-lamps,  gas-jets,  incandescent 
lights  and  daylight  are  also  used.  Jets,  candles  and  oil-lamps  are 
very  dangerous,  owing  to  crowded  nature  of  candling  compartments 
and  presence  of  so  much  inflammable  material. 

Electrical  Hazards.— In  brief,  electrical  hazards  are  due  to  heat- 
ing of  conductors  or  parts,  to  arcs  and  to  leaks.  Heating  is  caused 
by  overloading  which  itself  may  be  due  to  short-circuits,  poor  joints, 
poor  contacts,  lightning,  crosses  with  currents  of  higher  voltage, 
too  many  lights  or  motors  on  a  line  or  to  intention,  as  in  electric 
heaters.  It  is  also  caused  by  induction,  as  in  choke  coils  and  mag- 
nets which  are  rapidly  magnetized  and  demagnetized.    Arcs  are  the 
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jumping  of  current  across  an  air  space,  being  caused  when  k  cir- 
cuit is  broken  by  accident  ot  design.  Arcs  may  be  produced- by 
leaks  which  gradually  become  severe  enough  for  a  sudden  rush  of 
current,  by  switches,  by  short-circuits,  by  burn-outs,  etc.  Leaks 
are  due  to  the  breaking  down  of  the  insulation  through  one  cause 
or  another,  and  may  lead  to  heating  or  arcs.  » 

There  are  also  in  connection  with  electrical  apparatus  numerous 
dangers  of  a  mechanical  or  physical  rather  than  electrical  nature, 
such  as  the  breaking  of  lamp  globes  in  inflammable  vapors,  the 
fracture  and  sputtering  of  arc-light  carbons,  the  ignition  of  mate- 
rials, by  contact  with  incandescent  lamp  bulbs,  etc. 

Electro-plating. — This  is  done  by  firsjt  washing  the  piece  to  be 
plated  with  concentrated  lye  or  benzine  and  lime  water,  to  remove 
any  grease,  and  by  rewashing  with  dilute  sulphuric  acid  to  neutral- 
ize the  previous  wash.  The  "work"  or  part  to  be  plated  is  then 
attached  tq  the  negative  pole,  and  a  nickel,  copper,  silver  or  gold 
slab  or  plate,  as  the  case  may  be,  to  the  positive  pole  of  a  low 
potential  dynamo,  after  which  both  are.  immersed  in  a  bath  of 
copper  sulphate  or  other  electrolyte.  The  current  being  turned  on 
removes  molecular  particles  of  the  slab  or  metal  to  be  transferred 
and  deposits  it  on  the  surface  of  the  "  work."  Plating  dynamos 
employ  a  difference  of  potential  of  from  two  to  four  volts.  The 
bus  wires  are  almost  invariably  bare  and  often  run  on  wooden  sup- 
ports, but  there  is  no  danger  of  leakage  with  the  low  voltage  used. 
There  is,  however,  some  little  hazard  in  connection  with  these 
'  dynamos  and  wires.  Pieces  of  metal  laid  or  dropped  across  the 
bus  wires,  terminals  or  brushes  would  be  instantly  fused,  and  if 
the  molten  metal  fell  into  inflammable  material  trouble  might 
ensue.  This  is  really  about  the  only  considerable  danger  in  con- 
nection with  the  dynamo  and  its  api)urtenances,  and  it  is  generally 
remote.  Electro-plating,  however,  involves  the  use  of  materials 
and  incidental  processes  which  are  more ;  or  less  hazardous^ — i.  e., 
lacquers,  lacquer-drying  ovens  and  buffing. 

Elcctro-typing.--A  matrix,  consisting  of  graphite  an4  wax,  is 
made  by  pressing  into  the  surface  of  the  composition  type  forms  or 
cuts.  The  type  metal  is  then  deposited  upon  the  matrix  as  in  the 
case  of  electro-plating  (q.  v.).  Wax-heating  pots  are  an  accom- 
panying hazard. . 

Embosserp. — Machines  for  pressing  patterns  or"  wood  in  imita- 
tion of  carving,  or  designs  on  leather  or  book  covers.  Heated  to 
give  permanence  to  the  designs  which  could  otherwise  lose  th^ir 
sharpness  of  outline  and  contour.  Method  of  heating  the  most 
important  feature.  Gas  generally  used;  occasionally  live  steam. 
Apt  to  be  used  in  the  midst  of  inflammable  materials. 

Engines. — In  all  types  of  engines  there  is  present  in  a  greater 
or  less  degree  the  grease  hazard.  In  fly-wheel  engines  there  is  the 
danger  of  the  wheel  bursting  and  causing  damage  from  whkh  fire 
may  ensue.  Gas  engines  may  have  flame  igniters,  which  should  be 
well  away  from  inflammable  materials;  the  muffler  and  exhaust 
should  be  clear  also,  and  the  exhaust  should  extend  to  the  outside 
air  and  never  enter  flues  or  stacks  unless  the  latter  are  large.  Gaso- 
lene engines  should  never  have  flame  igniters  if  they  are  inside, 
and  the  supply  should  be  outside  underground  and  never  gravitate 
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to  the  engine,  otherwise  the  remarks  on  gas  engines  apply.     The 
live  steam  and  exhaust  pipes  of  steam  engines  should  be  free. 

Etching  anc}  Pyrograpby.— In  etching  by  gas  flames,  such  as 
that  done  on  bamboo,  the  jets  should  have  proper  rests  or  racks 
when  not  in  use,  and  the  rubber  tubing  should  be  kept  in  repair. 
The  surroundings  should  be  neat  also,  in  case  the  jets  are  dropped 
accidentally.  Somewhat  similar  remarks  are  true  of  gas-heated 
tools,  gind  the  heating  devices  should  be  watched.  The  wires  leadin^g 
to  electric  gravers  should  be  properly  insulated  and  protected  against 
wear  and  injury,  and  adequate  rests  provided  for  the  instruments 
when  they  are  not  in  use.  Particular  care  should  be  taken  with 
the  gasolene  bulb  apparatus  used  by  artists  and  amateurs. 

Explosives. — Gunpowder,  a  tpixture  of  saltpietre,  sulphur  and 
charcoal,  ignitible  by  flame  or  by  heat  varying  from  554  degrees  for 
black,  to  579  degrees,  F.,  for  brown,  prismatic  powder. 

Guncdtton  consists  of  purified  cotton  treated  with  a  "mixture  of 
I  part  strong  nitric  and  3  parts  sulphuric  acid,  resembling  Ordinary 
cotton  in  appearance.  It  can  be  exploded  by  percussion,  flame  and 
the  shock  produced  by  fulminate  of  mercury; 

Nitroglycerine  is  made  by  the  action  of  strong  sulphuric  and 
nitric  acids  upon  glycerine.  It  is  an  oily,  colorless  liquid  and  poison- 
ous. It  explodes  at  356  to  392  degrees  F.  It  is  easily  exploded  by 
shock  and  extremely  dangerous  to  handle. 

Dynamite  is  a  mixture  of  nitroglycerine  and  some  absorbent,  as 
silicious  earth,  magnesia  alba,  mica  powder  and  charcoal. 

Blasting  gelatine  is  made  by  dissolving  guncotton  in  nine  times 
its  weight  of  nitroglycerine. 

There  are  many  other  explosives,  but  the  above  are  those  appear- 
ing commercially  in  this  country. 

Feather  Renovators. — ^Apparatus  for  dusting,  steaming  and  clean- 
ing feathers.  Steam-pipe  and  dust  hazard.  The  impression  obtains 
that  feathers  will  not  burn,  but  the  down  near  the  quill  will  flash 
and  piake  a  quick,  intense  fire. , 

Finishing.^ — The  term  finishing  generally  includes  filling,  rubbing 
and  the  final  finishing,  and  is  frequently  extended  to  include  var-r 
nishing|^as  ysrell.  Varnishing,  however,  has  been  treated  elsewhere, 
embodymg" somewhat  different  hazards.'  The  first  operation  in  fin- 
ishing is  filling,  which  consists  of  filling  or  plugging  the  pores  of  the 
wood  so  that  it  will  present  a  smooth  surface  and  not  absorb  too 
much  varnish.  Fillers  are  made  of  various  combinations  of  silex, 
silver  white,  com  starch,  whitings  plaster  of  Paris,  raw  and  boiled 
linseed  oil,  turpentine,  japan  and  benzine.  Sundry  pigments  are 
used  to  color  fillers,  depending  upon  the  character  of  the  final  finish 
desired.  The. principal  among  these  are  raw  and  burnt  umber,  raw 
and  butnt  Italian  sienna,  Vandyke  brown,  drop  or  ivory  black  and 
rose  pink.  Both  turpeniine  and  benzine  ground  japans  are  used. 
Fillers  are  generally  in  paste  form  and  are  thinned  down  for  appli- 
cation, turpentine,  naphtha  or  refi:ned  linseed-oil  being  used.  No 
more  linseed-oil  is  used  than  necessary  to  form  a  binder,  as  it  pre- 
vents,-, the  .filler  fSrom  drying  or  setting  rapidly.  Excess  filler  is 
rubbed  off,  with  curled  moss,  excelsior,  shavings,  soft  sawdust,  tow 
aitd  waste,  as  the  case  may>  be.  Flax  or  hemp  tow  is  used  in  finer, 
and.  the  other  substances  in  cheaper  grades  of  wotfebyV^OOglC 
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Shellacking  follows  filling  for  the  purpose,  of  sealing  the  pore 
depressions.  This  is  sometimes  done  with  ordinary  alcohol  shellac, 
but  may  be  accomplished  with  other  substances,  the  operation,  how- 
ever, being  known  as  shellacking  irrespective  of  the  materials  used. 
When  this  is  dried,  the  varnish  coats  are  applied  and  the  various 
rubbings  follow. 

Rubbing  is  done  with  either  water  or  rubbing  oil,  the  latter  being 
a  petroleum  product  resembling  machine  oil  and  not  dangerous. 
Linseed-oil  can  be  used,  but  is  much  more  expensive  and  not  so 
satisfactory,  being  more  gummy  than  rubbing  oil.  It  is  also  more 
hazardous.  Pulverized  pumice  or  rotten  stone  is  used  to  hasten 
the  cutting  action  of  the  rubbing  process.  In  the  final  rubbings  of 
fine  finishes  water  or  the  hands  alone  are  used.-  Ordinarily,  the 
rubbing  oils  and  pumice  or  rotten  stone  are  applied  and  rubbed  in 
with  rags,  old  silk  cloths  or  handkerchiefs,  chamois  skins,  or  rub- 
bing felt.  After  the  rubbing  is  done,  a  damp,  30ft  wood  sawdust  is 
generally  used  to  clean  off  with,  being  sprinkled  over  the  surface 
and  removed  with  cotton  waste  or  soft  cotton  wadding. 

The  hazardous  features  of  filling,  rubbing  and  finishing  arise  from 
the  use  of  finely  subdivided  waste  and  materials  in  conjunction  with 
oils  which  absorb  oxygen  freely  and  from  the  use  of  volatile  liquids. 
Linseed-oil  is  especially  subject  to  spontaneous  heating,  and  the 
hazardous  nature  of  the  other  oils  and  liquids  has  been  pointed 
out  under  "  Painting."  Flemish  finishes  are  thinned  with  amyl- 
alcohol,  the  substance  so  frequently  used  in  cutting  lacquers  and 
very  volatile.  It  should  be  treated  in  much  the  same  manner  as 
naphtha.  It  is  almost  unnecessary .  to  add  that  standard  waste- 
cans  should  be  provided  for  the  rags  and  materials  used  in  all 
filling  and  finishing  operations,  except,  of  course,  where  water  rub- 
bing only  is  done.  By-ways  and  comers,  bench  drawers  and  closets 
should  be  kept  free  from  accumulations  of  any  of  the  materials 
saturated  to  any  degree. 

Filling. — See  "  Finishing." 

Flash  Lights. — For  photographic  and  pyrotechnic  purposes.  Pow- 
ders similar  to  explosives,  and  similar  precautions  should  be  taken 
in  handling  and  storing  them. 

Flasks. — ^The  wooden  or  iron  boxes  used  in  moulding  in  foundries. 
Those  of  wood  should  not  be  stored  inside  so  as  to  expose  build- 
ings, as  they  become  charred  and  may  harbor  smouldering  sparks. 
They  are  also  a  prey  to  transient  sparks. 

Fuel-Oil  System. — These  should  be  installed  in  accordance  with 
the  underwriters'  requirements.  In  general,  there  are  gravity, 
pumping,  intermediate  tank,  auxiliary  standpipe  and  air-pressure 
systems.  In  gravity  systems  the  oil  fiows  to  the  burners  by  gravity 
from  the  main  supply  tanks;  in  pumping  it  is  forced  to  the  burners 
by  small  pumps,  the  supply  tanks  being  below  the  burners;  in  inter- 
mediate tank  systems  the  oil  is  forced  to  small  elevated  tanks ;  in 
auxiliary  standpipe  systems  the  oil  is  pumped  from  tanks  below  the 
burners  to  standpipes,  4  to  6  inches  in  diameter,  and  tall  enough  to 
give  the  desired  pressure,  with  overflow  pipes  at  their  tops  dfaining 
to  the  supply  tanks;  in  the  air-pressure  systems  various  procedures 
occur,  the  general  plan  being  to  pump  air  upon  the  surface  of  the 
oil  in  a  closed  tank,  the  pressure  forcing  the  oil  out  to  the  burners. 
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An  intermediate  tank  system  of  one  firm  is  unique  in  that  it  has  a 
small  tank  filled  by  a  ball-float  arrangement,  the  burners  being  a 
few  inches  above  the  oil  level  maintained  and  provided  with  two 
nozzles,  one  for  air  or  steam  and  one  for  oil  in  the  center  of  the 
other.  The  air  or  steam,  being  forced  out  past  the  orifice  of  the  oil, 
produces  a  partial  vacuum  which  allows  the  oil  to  rise  to  the  nozzle 
where  it  is  sprayed  by  the  air  or  steam,  as  the  case  may  be. 

The  chief  desideratum  in  all  acceptable  systems  is  that  the  oil  does 
not  gravitat-e  to  the  burners  from  any  considerable  supply.  The 
piping  should  also  be  tight  and  be  self -draining,  with  convenient 
valves.    The  supply  tanks  should  be  underground  and  well  removed. 

Gasometers. — In  gas  plants  the  gas  is  stored  in  htige  water- 
sealed  iron  tanks.  It  is  possible  to  explode  them  by  lightning  stroke 
or  exposure  to  fire,  and  a  case  is  known  where  a  high  wind  tipped 
a  gasometer  over  so  that  it  was  unsealed  and  the  escaping  gas 
ignited.  Ordinarily,  such  burning  does  not  amount  to  an  explosion, 
but  it  is  possible  for  th^  burning  gas  in  an  injured  gasometer  to 
so  thin  out  by  escaping  that  incoming  air  will  produce  an  explosive 
mixture.  Small  gasometers  for  acetylene,  gas  machines,  and  the  like, 
should  not  be  allowed  inside. 

Gasolene  Devices. — These  are  too  numerous  for  specific  mention. 
The  principal  are  venders'  torches,  lamps,  plumbers'  soldering-iron 
heaters,  bloW-torches  or  paint  removers,  stoves,  portable  lead-melt- 
ing pots,  pyropen  apparatus,  branding  apparatus,  etc.  All  are  dan- 
gerous and  only  such  appliances  should  be  used  as  are  approved  by 
Underwritefs'  Laboratories.  Paint  removers,  venders'  torches  and 
non-safety  gasolene  stoves  are  particularly  hazardous. 

Gas  Purifiers*— In  the  manufacture  of  illuminating  gas.  They 
are  shallow  pans  with  false  bpttoms,  the  upper  bottom  being  per- 
forated. They  are  filled  with  iron  filings,  rusted,  and  sawdust,  which 
removes  the  sulphuretted  hydrogen  and  carbonic  acid  gases  present 
in  the  gas,  the  result  being  obtained  by  placing  an  iron  water-sealed 
cover  over  the  pan  and  passing  the  impure  gas  down  through  the 
iron  oxide  and  sawdust  from  a  pipe  which  usually  enters  f rdm  below 
to  a  point  near  the  top  of  the  purifier. 

The  danger  in  a  purifier  is  that  of  explosion,  which  may  result, 
when  the  cover  is  removed,  from  an  open  light.  It  is  necessary  to 
admit  air  to  the  cover  to  remove  it  because  of  the  atmospheric 
pressure  on  the  outside  when  the  purifier  is  cut  off  at  the  center 
seal ;  and  an  explosive  mixture  of  the  gas  and  air  may  be  , formed 
which,  if  ignited,  may  wreck  the  building.  Obviously,  only  natural 
light  or  securely  enclosed  lights  shining  through  a  pane  in  a  window 
should  be  permitted 

Gas  Stoves. — These  are  of  various  patterns.  The  flat,  single  or 
multiple  burner  type  in  common  use  has  short  legs  to  raise  it  from 
the  table  or  floor  on  which  it  rests,  but  these  legs  do  not  give  suffi- 
cient clearance,  and  if  the  stove  rests  on  wood  it  should  have  pro- 
tection under  it.  Rubber  hose  should  not  be  allowed  for  connecting 
any  gas  stove,  as  it  rots  or  becomes  loose.  The  permissible  hose 
is  braided  and  stiffened  by  an  inside  coil  of  wire  to  prevent  it  from 
kinking  or  being  crushed  temporarily  and  thus  shutting  off  the  gas 
long  enough  to  put  out  some  burners  and  not  others,  making  explo- 
sions imminent.    The  gas  stoves  and  radiators  in  use  should  espe- 
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cially  not  have  soft  rubber  tubing  and  should  n6t  expose  woodwork, 
curtains,  etc.  •  ;      . 

Gilding.— In  picture-frame  and  moulding  works.  Gold  and  silver 
leaf  are  put  on  by  first  oiling  the  surface  and  blowing  the  leaf 
against  it,  after  which  brushes  and  rags  press  it  to  the  contour  of 
the  work.  The  rags  and  refuse  are  subject  to  spontaneous  ,<?om- 
bustion. 

Grain  Elevators. — The  belt-and-bucket  type  of  elevator  is  almost 
invariably  used.  The  legs  of  these  are  so  many  flues  for  the  spread 
of  fire.  The  heads  and  boots  are  also  apt  to  become  clogged  by 
dust,  and  in  order  to  prevent  this  inclined  strut-boards  (pieces,  in 
the  head  of  the  elevator  under  the  pulley)  are  provided,  making  the 
head  self -cleaning.  Dust  accumulations  in  the  boots  may  be  removed 
by  slides.  Hoppers  venting  into  the  legs  are  sometimes  iSubstituted 
for  the  strut-boards,  their  sloping  sides  making  them  self-cleaning. 
Occasionally  weighted  and  hinged  strut-boards  are  used,  the  idea 
being  to  have  them  open  when  the  weight  of  the  dust  overbalances 
that  which  keeps  the  boards  in  place.  These  are  not  reliable,  how- 
ever, and  are  rare.  Some  elevator  heads  are  not  enclosed  under- 
neath, and  there  is  no  danger  from,  the  strut-board,  but  such  ele- 
vators permit  a  great  deal  of  dust  to  escape  into  the  building.  Still 
other  elevators  have  both  legs  in  one,  and  no  strut-board  is  neces- 
sary, evidently.  Where  chain  and  bucket  elevators  are  used  there 
is  little  danger  from  the  strut-board,  as  the  pulley  is  like  a  huge 
sprocket  and  will  not  permit  the  dust  to  bank  up.  Marine  legs  come 
properly  under  the  head  of  elevators,  but  are  not  so  dangerous, 
being  tilted  so  often  as  to  -keep  clean.  However,  as  they  are  some- 
times placed,  they  facilitate  the  spread  of  fire  from  the  first  floor 
to  the  texas,  affording  direct  communication.     - 

Similar  elevators  are  used  for  various  other  purposes  and  the 
Above  remarks  are  largely  applicable  to  them. 

Grinding. — Unless  thoroughly  wet  there  is  generally  danger '  of 
the  fin^  particles  abraded  heiating  spontaneously  if  allowed  to  accu- 
mulate. Band-splitters  in  tanneries  and  similar  devices  ^hould  be 
arranged  with  this  danger  in  view: 

Gun  Testing.— The  testing  range  should  preferably  be  fireproof, 
or  at  least  lined,  on  account  of  the  wads  and  chance  bits  of  flaked 
powder  starting  trouble. 

Hit  Presses*— This  includes  the  steam-heated  moulds  and  flange 
plates  used  in  hat  factories.  They  and  their  pipes  and  the  sand- 
bags for  flanging  should  be  kept  free  from  woodwork. 

.^  Ice  Machines. — The  machines  themselves  have  only  the  ordinary 
engine  hazards,  except  that  they  compress  a  gas,  generally  ammo- 
nia, which  may  escape.  (See  "Ammonia.")  No  open  lights  should 
be  allowed  near  the  machines,  as  leaks,  breakage  of  the  gauge  or 
damage  to  the  cylinder  head  may  cause  an  explosion.  Ammonia 
becomes  assimilated  with  oil  under  pressure,  and  in  this  combination 
is  explosive. 

Incubators.— These  are  generally  wooden  or  glass  boxes  warmed 
by  oil  or  gasolene  lamps  or  stoves  placed,  a?  a  rule,  at  one  end 
tinder  the  mouth  of  a  ducit  leading  through  th,^zJ^<89ij'They  should 
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not  be  allowed  in  important  buildings,  being  subject  to  frequent  fires 
with  either  source,  of  heat. 

Ironing  Machines. — In  steam  laundries,  for  ironing  cuffs,  collars, 
bodies,  linen,  etc.  Generally  rollers  heated  by  internal  gas  flames; 
a  few  are  steam-heated.  Clearance  and  neatness  of  surroundings 
and  connections  important.  Soft  rubber  tubing  shotild  be  discour- 
aged. 

Kit  Heaters. — For  heating  shoemakers'  dressing  tools.  In  ordi- 
nary cobbleries  a  rest  is  provided  oh  top  of  the  chimney  of  an  oil 
lamp  or  stove;  in  factories  such  stoves  or  lamps  or  fixed  gas-jets 
are  used,  unless  the  tools  are  on  machines,  in  which  case  a  small 
jet  impinges  against  the  tool  as  it  operates.  Stoves  and  lamps  are 
easily  upset  and  are  trouble  breeders,  and  the  fixed  gasrjets,  being 
on  benches,  may  be  surrounded  by  inflammable  materials. 

LimjB.-^Unslaked,  this  should  be  stored  in  dry  places,  as  the  addi- 
tion of  water  causes  it  to  heat  violently  and  set  fire  to  the  contain- 
ing barrels  or  other  inflammables  near. 

Machinery. — ^While  we  naturally  associate  with  the  more  rapid 
moving  machinery  the  idea  of  greater  hazardousness,  it  does  not 
necessarily  follow  that  the  slower  moving  may  not  in  some  cases 
be  more  dangerous.  Great  speed,  of  course,  carries  with  it  a  ten- 
dency to  heating,  especially  as  the  rapid  rotation  of  the  parts  makes 
it  more  difficult  to  keep  the  bearings  in  oil,  other  things  being  equal ; 
but  slow,  cumbersome,  badly-aligned  or  heavily-loaded  shafts  may 
heat  up  to  an  even  worse  degree,  since  they  are  not  self -ventilating 
by  their  speed  and  have  more  mass  in  which  to  get  a  cumulative 
heat  effect.  In  general,  it  may  be  stated  that  shafting  and  bearings 
of  machinery  heat  up  as  a  result  of  poor  alignment,  binding  or 
insufficient  oil,  any  one  of  which  defects  is  remediable.  Shaftings 
and  bearings  of  jdl  sorts  may  be  dangerous  in  other  respects  than 
as  to  heating  by  becoming  oily  and  accumulating  dust  or  inflam- 
mable fly  or  lint,  and  by  saturating  nearby  woodwork.  For  this, 
reason  journals  should  never  be  placed  on  wooden  beams  nor  the 
sides  of  wooden  posts.  Several  makes  of  iron  drop  or  post  hangers 
are  on  tl?e  market  and  are  excellent  in  obviating  the  objections 
pointed  out.  These  should  "be  adjustable,  and,  if  self-oiling  and 
non-dripping,  are  ideal.  If  not  self-oiling,  drip-cups,  preferably 
of  cast-iron  and  fixed  substantially  under  the  journal-boxes,  should 
be  provided.  Tin  cups  or  pans  suspended  by  w^ires,  so  often  seen, 
are  no  more  than  makeshifts. 

It  is  impracticable  to  detail  the  hazardousness  of  every  variety  of 
machine  in  an  article  of  this  sort.,  A  few  general  remarks  only:  will 
be  made,  therefore. 

In  all  machines  grinding,  pulverizing,  or  otherwise  reducing  sub- 
stances to  smaller  particles  by  ,a  breaking  operation,  considerable 
dust  is  raised  and  some  heat  is  produced  by  the  act  of  separating  the 
particles  from  the  main  mass.  If  the  substance  reduced  will  burn, 
its  dust  will  be  explosive,  and  there  is  always  the  danger  of  it  clog- 
ging bearings.  Many  such  dusts  in  accumulations  and  saturated 
with  oil  can  ignite  spontaneously.  Most  machines  performing  ope- 
rations of  the  sort  discussed  should  have  blowers  and  flues  to 
remove  the  dust  and  cbllectors  to  prevent  it  from  bein^  sent  over 
surrounding  property.  There  is  nearly  always  the  danger  of  foreign 
particles  or  parts  of  the  mechanism  striking  fire.gtizedbyVjOOgl^ 
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The  above  is  true  of  machines  altering  stock  by  cutting  and  pol- 
ishing operations,  while  those  doing  sorting  or  separating  operations 
raise  dust,  mainly  by  a  species  of  jostling  and  involve  the  dast  and 
bearings  hazards  oiily. 

Picking  machines  have  already  been  mentioned.  Knitting  and 
weaving  machinery  involves  but  slight  hazard  as  machinery,  the 
principal  danger  being  the  possible  ignition  of  the  stock  in  addition 
to  the  bearings  hazard. 

Spinning  machinery  involves  the  hazard  of  numerous  small,  rap- 
idly-moving spindles  which  may  heat  at  their  bearings,  and  which 
are  often  in  concealed  carriages  or  frames,  as  well  as  considerable 
grease  hazard  at  the  driving  mechanism. 

Matches. — Match  heads  consist  of  various  combinations  of  glUe, 
rosin,  phosphorus,  amorphous  phosphorus,  sulphur,  chlorate  of  pot- 
ash, saltpeter,  red  lead,  bichromate  of  potash,  nitrate  of  lead,  anti- 
mony sulphide,  fine  sand,  peroxide  of  manganese,  whiting  and  other 
substances.  The  bursting  and  separation  of  match  heads  from  the 
stems  is  confined  to  so-called  parlor  matches.  The  bursting  or  chip- 
ping off  of  the  heads  is  caused  by  improper  mixing  of  the  ingredi- 
ents entering  into  the  Composition.  It  is  liable  to  happen  with  the 
matches  of  any  firm,  although,  as  a  general  statement,  it  is  true 
that  the  larger  factories  are  more  apt  to  have  competent  composition 
mixers,  and  their  matches  will  naturally  average  better  than  those 
of  the  small  concerns.  The  specific  cause  of  the  bursting  is  due  to 
the  liberation  too  freely  of  gases  in  the  mass  o^  the  composition. 
While  this  is  a  scientific  fact,  it  affords  little  solace  to  underwriters, 
since  there  is  no  way  of  telling  when  the  conditions  actually  obtain 
which  produce  the  bursting.  In  other  words,  we  cannot  tell  prac- 
tically until  we  use  a  match  whether  it  was  made  from  an  improperly 
mixed  batch  of  composition  or  not. 

'  The  separation  of  the  heads  bodily  from  the  stenis  is  due  to  the 
formation  of  what  is  technically  known  as  a  "teat."  When  the 
splint  with  the  fresh  globule  of  composition  is  allowed  to  hang  too 
long  in  one  position,  obviously  the  plastic  composition  will  sag 
before  it  dries.  This  sagging  forms  'a  conical-shaped  teat  or  else 
the  whole  globule  settles  so  that  it  does  not  engage  the  etid  of  the 
splint  firmly.  When  the  match  is  struck,  therefore,  a  portion  of 
the  head  or  the  whole  head  may  be  broken  off,  and  the  fusing  of  the 
composition  proceeds  where  the  head  has  fallen.  It  is  unnecessary 
to  point  out  the  dangers  arising  from  this  defect  The  remedy  for 
it  lies  in  improved  methods  of  drying  and  attention  to  the  setting 
qualities  of  the  composition.  If,  after  the  splints  are  dipped  into  the 
composition,  they  are  immediately  reversed  and  later  reversed  again, 
and  so  on,  the  composition  will  dry  as  a  globule,  with  the  splint 
projecting  into  it  a  proper  distance.  This  expedient  is  resorted  to 
in  factories  where  the  cause  of  the  trouble  is  appreciated  and  the 
reversals  are  made  by  machinery. 

Safety  matches  are  usually  made  with  the  oxydizing  agents  (ni- 
trates or  chlorates)  in  the  match-head  and  the  phosphorus  in  the 
rubber  of  the  box.  Owing  to  their  expensiveness  they  are  not  sold 
as  generally  as  the  cheaper  and  more  readily  made,  parlor  matches. 
The  amorphous  form  of  phosphorus  is  used  in  them  and  this  is  not 
only  non-poisonous  but  not  subject  to  spontaneous  igniti^Q[c 
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Malt  Mills. — For  grinding  malt.  Generally  mills  of  the  roller 
type,  but  more  dangerous  than  those  in  flour  mills,  as  the  stock  is, 
apt  to  contain  more  flinty  and  metal  particles.  They  should  have  a 
device  to  keep  the  space  under  the  rolls  full  of  ground  stock,  so 
that  no  explosive  mixture  of  ground  malt  and  air  can  occur.  Mag- 
nets should  be  provided  in  the  feeds  to  catch  steel  and  iron  par- 
ticles, and  gravity  separators  are  advisable  to  arrest  non-metallic 
foreign  substances.  An  explosion  vent .  to  the  outside  air  is  also 
desirable  to  take  up  the  force  of  an  explosion.  Preferably,  the  mill 
should  be  in  a  section  well  cut  off. 

Nitre  Bags. — Gunny-bags  in  which  nitre  is  pbtained.  The  empty 
bags  always  have  adhering  to  them .  particles  of  nitre  and  are  sub- 
ject to  spontaneous  combustion  in  heaps,  burning  fiercely. 

Napping  Machines. — Machines  for  removing  the  surplus  nap 
from  cloth  goods.  Owing  to  lint  brushed  off,  the  bearings  hazard  is 
increased,  and  if  the  nap  contains  cotton  it  flashes  readily. 

Oiling  Stock. — In  cotton  and  woolen  mills  the  stock  is  oiled 
before  it  goes  to  the  pickers  by  scattering  oil  over  the  stock  as  it 
lies  spread  out  on* the  floor.  The  latter  should  be  covered  with 
metal  or  be  of  brick  or  cement,  as  wooden  floors  become  saturated. 

Oiling  Woodwork. — ;This  generally  appears  upon  woodwork 
which  is  to  be  left  practically  with  its  natural  finish.  It  is  done  by 
rubbing  the  oil  on  with  rags,  applying  it  with  brushes  or  dipping  the 
object  into  a  vessel  of  oil.  Care  should  be  taken  with  the  rags  and 
overalls  or  old  clothes  of  the  workmen.  Considerable  oil  is  apt  to 
be  spattered  around,  and  adjacent  woodwork  should  be  metal-clad 
if  possible,  see  also  "  Painting." 

Oils. — These  are  a  hazard  in  that  they  furnish  fuel  for  a  fire,  and 
are,  in  many  cases,  subject  to  spontaneous  combustion  when  sub- 
divided on  waste,  clothing,  etc.  All  animal  and  vegetable  oils  are 
subject  to  spontaneous  heating  under  some  circumstances,  but  the 
admixture  with  them  of  mineral  oils  of  twenty  to  fifty  per  cent  pre- 
vents this  heating.  Experiments  have  shown  that  on  cotton-waste 
in  a  chamber  heated  to  130  to  170  degrees,  boiled  linseed-oil  ignited 
iiv  i^  hours,  raw  linseed-oil  in  4,  lard-oil  in  4,  colza-oil  in  6,  olive- 
oil  in  S,  sperm-oil  in  4  and  castor-oil  in.  24.    See  also  "  Painting." 

Oily  Waste. — Oily  waste  is  a  hazard  in  that  it  is  inflammable 
and  may  i^ite  spontaneously.  It  is  generally  used  with  mineral  oils 
in  connettion  with  metal  workers  and  with  animal  or  vegetable 
oils  in  woodworkers.  The,  mineral  oils  may  be  adulterated,  how- 
ever, and  it  is  always  well  to  keep  oily  waste  in  standard  cans. 

Painting. — Paints  consist  of  pigments  and  oils,  generally  turpen- 
tine, rosin  spirit,  rosin-oil,  linseed-oil  and  benzine.  In  many  cases 
the  various  prepared  ingredients  are  mixed  as  needed,  being  kept  on 
hand  for  the  purpose.  Of  the  .solid  substances  used,  those  of  sig- 
nificance, owing  to  their  inherent  or  indirect  hazardousness,  are 
lamp-black,  the  chromes,  Prussian  blues,  vegetable  blacks  and  some- 
times red  lead.  These  are  all  more  or  less  subject  to  spontaneous 
combustion,  or  inflammable  under  various  circumstances,  and  should 
be  kept  in  metal  receptacles  or  in  a  safe  place.  Lamp-black  often 
contains  unburnt  oil,  accounting  for  its  liability  to  spontaneous 
heating  in  addition  to  the  natural  avidity  of  carbonV^C^ygen. 
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Even  where,  it  does  not  contain  such  oilthe  accidental  addition  of 
oil  to  it  has  in  many  cases  promoted  dangerous  heating.  In  fact^ 
oily  ftnger-marks  upon  the  paper  of  the  ordinary  commercial  pack- 
ages have  ibrought' about  undue  .activity  of  this  sort. .  Many  of  the 
pigments  made  from  Organic  substances  are  very  inflammable  when 
finely  subdivided  or  ground  with  an  oxidiii«g  substance  in  a  dry 
state,  so  that  it  is  advisable  not  to  have  open  lights  near  anyappiir*^ 
atus  apt  to  give  rise  to  dust  particles. 

.  Turpentine,  so  general  in  painting,  is  very,  inflammable,  flashing 
97-101  degrees  F.  Although  popularly  supposed  to  be  exiempt  from 
dangler  of  spontaneous  heating  on  waste,  it  absorbs  oxygen  rapidly 
enough  to  cause  fire  in  rags  saturated  with  it.  Rosin  spirit,  used  as 
an  adulterant  and  substitute  for  turpentine,  has  the  same  flash-point 
and  characteristics  as  that  oil.  The  characteristics  arid  behavior 
of  benzine  are  well  known.  Linseed-oil,  particularly  boiled,  has 
great  avidity  for  oxygen,  and  is  especially  subject  to  spontaneous 
combustion  in  conjunction  with  rags,  waste,  etc.  If  dissolved  in 
turpentine,  as  in  paints,  the  tendency  to  heating  is  magnified^,  so  that 
painty  rags  are  even  more  dangerous  than  those  saturated  with  the 
oil  alone.  The  flash-point  of  linseed-oil  is  high,  however,  so  that 
there  is  little  danger  from  the  oil  at  ordinary  teraperatiufes,  except 
that  from  spontaneous  heating  on  waste. 

In  estimating  the  painting  hazard,  it  should  be  borne  in  jnincl  that 
higher  grade  work  carries  with  it,  on  the  average^  more  skilled 
and,  consequently,  careful  labor.  In  coarse  work,  also,  there  is  not 
the  same  necessity  of  care  with  the  materials  used,  f  rpm  the  stand- 
point of  economy,  as  in  the  case  of  high-grade  work,  and  the  natural 
carelessness  of  the  laborers  is  enhanced  by  this  fact.  It  is  a  fact, 
also,  that  all  labor  is  unconsciously  aflFected  by  the  degrees  of  care 
Essential  in  the  commercial  use  of  its  services,  and,  in  connection 
with  painting,  this  physico-moral  feature  is  probably  most  significant. 

Where  any  considerable  amount  of  oiling,  painting  or  dipping  is 
done,  iron  closets,  properly  raised  from  the  floor,  ventilated  and 
free  from  the  proximity  of  inflammables,  should  be  provided  for 
the  clothing  and  Overalls  of  the  men.  Both  heavy  wire  grating  and 
sheet  or  corrugated  iron  closets  are  made  fOr  this  purpose,  each 
having  many  points  of  excellence.  Where  sprinkters  ard  installed, 
the  grating  closets  are,  on  the  whole,  preferred  by  the  writer; 
otherwise,  the  solid-walled.  Wooden  closets  are  very  objectionable. 
Even  if  lined  with  tin  they  are  not  so  good,  and  cost  nearly  as 
much  as  the  iron.  The  practice  of  hanging  clothes  and  overalls 
on  wooden  partitions,  or  .together  in  a  large  dressirigrjroom,  should 
be  discouraged,  and  throwing  them  in  heaps  on  or  under  benches 
entirely  discountenanced.  Nor  should  wooden  receptacles  of  any 
kind  be  used  for  oily  waste,  wipes,  rags  for  cleaning  smeared  hands, 
etc.;  iron  boxes  with  legs  about  3  inches  long  and  self-closing  lids 
are  the  best  and  safest. 

The  scope  of  this  aTticle  is  too  limited  for  extended  comments 
upon  paint  and  oil  storage,  and  only  a  few  remarks  will  be  made. 
Only  a  day's  supply  of  materials  should  be  permitted  inside  the 
main  buildmgs,  and  any  remaining  stock  should  be  removed  to  the 
storehouse  or  vault  at  the  close  of  a  da3r's  work.  Cans  containing 
volatile  oils,  sUch  as  turpentine  and  benzine,  should  not  be  allowed 
to  stand  around  Without  stoppers,  especially  if  partly  empty,  as 
the  space,  above  the  surface  allows  an  accumulation  of  the  fumes 
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to  occur.  Pjunters  should  not  be  permitted  to  "try"  their  brushes 
all  over  the  walls  of  partitions  or  closets.  The  main  su^iy  room, 
if  inside,  should  be  fireproof  and  so  constructed  that  a  fire  cotild . 
be  smothered  by  closing  the  doors  to  the  room.  It  is  best,  however, 
to  encourage  the  use  of  a  detached  building  for  the  storage  of  oils, 
paints,  vamishies,  etc.  Explosions  may  shatter  an  inside  vault  so 
that  it  would  not  confine  a  fire. 

Paint  Mills. — ThesiC  are  generally  buhr  stones  or  steel  mills  of 
similar  design.  The^  may  heat  and  cause  trouble  by  igniting  the 
stock,  although  heatmg  is  guarded  against,  ^s  it  has  a  deleterious 
eflfect  upon  the  paint. 

Peanut 'Roasters. — The  larger  ones  are  similar  to  coflFee  roasters 
(q.  v.).  Venders'  roasters  are  small,  rotating  metal  cylinders,  gen- 
erally heated  by  a  gasoline  torch. 

Pickers.— These,  in  jg^neral,  are  devices  through  which  the  stoxk 
passes  and  is  torn  up.  or  loosened  and  straightened  out  by  means 
of  i-otating  toothed  cylinders.  Thev  are ,  of  various  designs,  for 
diverse  uses,  and  found  in  several  classes  of  risks.  The  main  haz^ 
ard  in  all  is  the  danger  of  strikiijig  fire  on  foreign  particles  and 
ig^niting  the  stock.  Other  hazards  are  due  to  friction  at  the  bear- 
ings and  the  possible  escape  of  light,  fluffy  material,  thes^  hazards 
varying  in  seriousness  according  to  the  Idnd  of  machine  and  the 
stock  worked.  Regular  pickers  for  cotton  or  easily  ihflain'rtiable 
goods  should  vent  to  fireproof  rooms  if  they  are  inside.  <  The  indi- 
vidual.  characteristics  and  degrees  of  hazard  in  pickers  are  too 
numerous  to  mention  here.  The  principal  pickers  or  macTrines  doing 
picking  operations  are  blowers  (hat  factories),  buhr,  cards,  devils 
(hat  factories),  dusters,  e^icelsior,  gamettes,  gins,  grabot  gins,  hdr, 
lappers,  linters,  mixing,  openers,,  rag,  waste  and  willoWers. 

Pouncing.— 'An  operation  in  felt  and  wool  hat-making,  corre- 
sponding to  napping,  in  which  the  hat  body  is  placed  on  a  rotating 
block  and  smoothed  with  sandpaper.  Considerable  lint  arises^  clog- 
ging gearings  and  filling  cracks  and  corners.  Blowers  should  be 
provided  tp  remove  it. 

Printing  Presses. — ^The  hazard  in  connection  with  these  i^^  due  to 
the  greasfe  and  oil  which  in  time  saturate  the  floor,  the  steam-pipes, 
sometimes  installed  under  them  to  regulate  the  consistency  6f  the 
ink,  the  rags  and  waste  used  in  cleaning,  the  possible  u^e  bf  benzine 
in '  \yashing  forms,  type,  rollers, '  etc.,  and  the  making  of  rollers. 
The  floor  under  all  presses,  unless  brick  or  cement,  should  be  metal- 
dad,  and  safety  waste  and  benzine  cans  provided.  In  ne\yspaper 
'work,  where  high  speed  rotary  presses  are  used,  to  reproduce, half- 
tones a  quick  drying  ink  is  used,  generally  thinned  with  berizole; 
the  vapors  liberated  make  this  process  very  hazardous.  Good  ven- 
tilation is  necessary  and  provision  must  be  made  to  take  care  of 
static  electricity  on  the  paper. 

Quick-aging. — Whiskey  is  aged  principally  by  tannic  acid  in  the 
staves  of  the  barrels.  It  is  hastened  sometimes  by  steam,  generally 
from  coils  around  the  rooms.  There  fs  no  special  hazard  when  it 
is  done  this  way,  except  that  the  evaporation  is  hastened  and  there 
i^  a  possible  chance  for  the  fumes  of  evaporation  =  to  accumulate 
attd  result  in 'fire  on  the  careless  entry  of  open  lights  into  the  room. 
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There  are  methods,  ho>lvev€r,  which  may  result  in  the  bursting  of 
the  barrels,  unless  extreme  care  is  exercised.  They  involve  the 
rapid  heating  of  the  whiskey,  usually  by  inserting  a  goose-neck 
steampipe  in  the  bunghole  of  the  barrel. 

Rolling  Mill  Rolls. — These  have  a  squeezing  effect  upon  the  hot 
metal,  causing  confined  gases  to  be  compressed  and  explode,  and 
throwing  scale  and  small  particles  sometimes  loo  feet.  They  should 
have  good  clearance  to  woodwork  and  comers  containing  waste, 
overalls,  etc. 

Rubbing.— See  "Finishing." 

Rubber-Cement. — Also  guttapercha-cement.  Cut  with  benzine 
and  should  be  used  from  safety-pots  only.  The  best  of  these  are 
similar  to  pneumatic  chicken  watering-troughs. 

Screw-cutting. — Where  "  soda  water  "  is  used,  screw-cutting  in- 
volves no  hazard.  Oil  is  frequently  pumped  over  the  work  or  run 
over  it  from  cans  or  small  tanks,  and  there  arises  the  so-called 
"  grease-haiard,''  oil  being  necessarily  scattered  on  the  floor  ,until 
it  becomes  sarturated.  Heavy  mineral  oils  are  used  for  the  purpose, 
and  there  is  no  danger  of  saturated  rags  igniting  spontaneously. 

Settings — In .  tanneries.  Grease  is  worked  into  the  leather  by 
slickers  as  it  lies  stretched  upon  tables.  Excess  grease  should  not 
be  allowed  to  accumulate. 

Shafting. — See  "  Machinery." 

Shavings  Vaults. — Shavings  vaults  or  roomg^  are  designed  to  re- 
duce hazard  and  do  so,  inasmuch  as  they  confine  shavings  and  dust 
to  certain  limits,  but  they  involve  hazards,  perhaps,  not  suspected 
at  first.  Not  the  least  of  these  is  that  of  explosions  which  occur 
in  the  dust-laden  air  of  partially  filled  vaults  when  an  open  light  or 
flame  is  introduced  in  any  way.  Dust  explosions  and  their  causes 
have  been  explained  elsewhere.  The  necessary  flame  or  spark  can 
be  furnished  in  various  ways — from  hand  torches  near  the  opening, 
lanterns,  coals  from  a  back-draft,  electrical  mishaps,  etc.,  and  shav- 
ings rooms  or  vaults  should  be  so  arranged  as  not  to  damage  main 
buildings  if  shattered  by  explosions  or  destroyed  by  fire.  If  inside, 
they  should  be  absolutely  fireproof  and  should  have  safety  vents 
to  the  outside  air.  It  may  be  well  to  add  that  these  vents  are  to 
relieve  the  force  of  an  explosion,  and  may  be  arranged  with  flap- 
checks,  so  as  to  remain  shut  against  the  mild  expansion  of  gas 
resulting  from  ordinary  burning  inside  the  vault,  so  as  to  smother 
an  ordinary  fire.  The  doors  to  vaults,  bins  or  rooms  should  not 
be  in  line  with  a  back-draft  from  the  boiler  furnaces  or  too  near 
the  latter  if  to  one  side,  and  should  be  arranged  so  as  to  close 
easily.  A  wall  of  the  bin,  room  or  vault  also  should  not  form  a 
part  of  the  boiler  setting,  owing  to  the  cracks  which  are  apt  to  form 
in  the  latter,  and  if  the  structure  adjoins  the  boiler  or  engine  rooms 
its  walls  toward  them  should  be  continued  through  the  roof  as  a 
parapet. 

Shellacking. — Hazard  is  due  to  the  presence  of  alcohol  which  is 
used  to  dissolve  the  shellac. 

Singeing. — In  bleacheries  and  cloth  works  the  nap  is  singed  off 
in  some  instances  by  gas  flames,  the  cloth  passing  rapidly  over  the 
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latter.  Rooms  in  which  this  is  done  should  be  cut  off,  as  the  in- 
terior is  dri^d  out  and  any  hitch  in  the  feeding  apparatus  would 
result  in  the  cloth  being  ignited.  Hats .  are  singed  by  flaring  gas 
flames  after  being  pounced,  the  hazard  being  that  of  open  gas 
flames  only,  as.  a  rule.  The  same  is  true  of  pigs'  feet,  ear  and 
snout-singeing  in  packing  houses. 

Smoking. — The  hazard  of  smoking  is  d,ue  to  careles^  use  of 
matches  and  disposition  of  the  disciarded  remains  of  a  pipe-bowl, 
cigar  or  cigarette,  as  well  as  to  the  ignition  of  inflammable  vapors. 

Squeezers. — For  welding  together  the  molten  particles  of  pud- 
dled iron.     Spark  and  scale  hazard  prominent. 

Static  Electricity. — Reference  is  made  only  to  such  as  is  gen- 
erated by  belts,  moving  machinery,  rubbing  of  brushes  against 
stock,  etc.  Small  sparks  frequently  jump  through  the  air  and  can 
ignite  inflammable  vapors  in  the  air  or  fine  lint  and  dust.  In  some 
cases  grounds  can  be  provided  to  reduce  the  static  charge,  but  in 
many  cases  the  development  of  static  electricity  is  difficult  to  fore- 
see and  prevent. 

Straw  and  Hay. — Used  for  feed,  bedding,  packing,  collar-stuf- 
fing, etc.  Hazard  due  to  its  ignitability  and  combustibility.  It 
should  riot  be  stre^yn  about  inside  of  buildings.  If  its  presence  be 
necessary  inside  buildings  it  shoiild  be  stored  in  metal-lined  or  tile- 
walled  bins  with  doors.  Sometimes  subject  to  spontaneous  com- 
bustion. 

Transferring. — In  lithographing  establishments  the  designs  are 
transferred  from  paper  to  the  stone,  turpentine  and  rags  being  used 
in  the  cleaning  operations.  Such  rags  should  be  kept  in  standard 
cans. 

Trimming  and  Upholstering. — These  occur  in  carriage,  coflin 
and  furniture  factories  and  similar  risks,  and  the  hazard  is  due  to 
the  large  amount  of  tow,  excelsior,  moss,  hair,  cocoanut  fibre, 
shucks,  cotton,  etc.,  used,  as  well  as  the  presence  of  glue-pots  and 
flat-irons  occasionally.  Bins  should  be  provided  for  superfluous 
stock  at  night  and  a  regular  daily  sweeping  made.  Stove  heat  and 
oil  stoves  in  the  vicinity  are  dangerous. 

Trip  Hammers. — Spark  and  scale  hazard.  If  operated  by  steam, 
steam-pipe  hazard  also.  Some  trip  hammers  are  raised  by  friction 
belts,  and  a  small  hazard  exists  at  the  belt  and  pulley. 

Varnishing. — Varnish  is  usually  applied  with  brushes.  Cheap 
work  is  frequently  dipped.  There  is  little  hazard  in  the  actual 
application  of  varnish  with  brushes,  although  it  is  said  that  fric- 
tionaf  electricity  is  sometimes  generated  in  slapping  the  brushes 
around  and  sparks  have  ignited  the  fumes  or  vapor  from  the  in- 
gredients in  the  varnish.  The  real  hazard  lies  in  the  use  of  mate- 
rials of  an  inflammable  and  more  or  less  volatile  nature,  also  subject 
to  spontaneous  combustion  when  spread  thin  on  rags  or  waste.  In 
fact,  the  hazard  of  varnishes  is  practically  the  same  as  that  of  their 
constituents,  boiled  linseed-oil  and  a  volatile  solvent,  except  that 
varnishes  containing  turpentine  and  linse§d-oil  are  even, more  sub- 
ject to  spontaneous  heating.  Digitized  by  v^OOglC 


96'  Fire  Prevention  AND  Protection 

Vulcanizers.— Generally  steam-heated  vesseils,  chests,  cylinders 
or  arms.  Hazard  that  of  steam-pipes.  Smaller  vukahizers  are 
sometimes  gas-heated. 

Zapon. — A  lacquer  cut  with  amyl-acetate  and  consequently  in- 
flammable and  explosive.  Similar  lacquers  pass  under  the  names 
lustrine,  brassoline,  opaline,  Egyptian  lacquer,  etc. 

Xylonite. — Practically  the  same  as  celluloid  (q.  v,)..  Spmetiqies 
spelkd  zylonite. 


\ 


Digitized  by  VjOOQLC 


PLANNING   AND  ARkANOEMENt 
OF  HAZARDS 

The  Chicago  Board  of  Undepwriter^  recouamend^  the  sa£cguar4ing 
of  the  folio wii^  hazards  in.conneqtiw  with  the,  constrqqtion  w. 
alteration  of  buildings  for  the  specific  purposes  aa  noted:. 

Bake  Ovens,— The  following  specifications,;  with  tihe  exception 
of  the  first,  are  for  ©vens  located  in  corajbustible  buildings*  ,  '  • 
Ovens  located  on  the  upper  floprs  of  firepropf-  buildings  shouW 
be  supported  on  special  founds^tions  provided  in  the  iiratn^ng  of 
the  buildings.  The  wooden  toip  flooring,  (and  j^aUJng, strips)  of  the 
firing  floor  should  be.  removed  for  a  distance  of  twelve  mcix^  at 
the  sides  and  back  of  oven  and  i9ot  less  than  six  ieet  in  fr^nt  ajjvd 
replaced  wijth  concrete  placed  directly  an  the'  floor  arches- 
Rotary  or  revolving  ovens  are  gtneirally  hmH  on  speei^il  founda- 
tions in.  the  ground,  extend  up.  to  the  second  fl<K)r  of  the'i /building 
and  have  the  firing  door  (through  ^hich  fufel;}si  £ed>  on  the  first 
floor.  The  firing  floor  (from  which  lutMs  fed>  -should  have  joists, 
beams,  girders,  and  fVooring  removed  Joe  a  ^p«ee  of  tight  r  feet  in 
front  of  the  ovens  and  the  space  filled  in  with  I-beams  and  tile 
or  hnck  arches;  it  may  also  be  necessary  to ^r<>vide  tW  iaame  sort 
of  clearance  at  akles  and  back;  depending  ^pK>n  the  thicknei^  a^ 
condition,  of  the  oven  walk.  The  charging,  doiot  <tliiioug^  whieh- 
the  material  to  be  bakekl  i^  fed)  is  ustially  on,  t^e  second  floor  at^d 
consists  of  a  long  horitohtal  opening  tx^t^>^g  nearly  ^r©sfi  the 
face  of  the  oven,  and  about  i8, inches  high;  a  metal  hood  with 
metal  vent  pipe,  communicating  to  the  o«tstde  air'  should  be  prorr 
vided  to  carry  off  the  heated  aifr  and  gases.  The  tops,of^these. 
ovens  are  usually  constructed  of  brick  arches*  and  shoujd  >e  coivered 
with  sand  or  cinders.  WNn  the  viraliB  of  the  oven  am.  exjteoded 
to  the  oeiling  of  the  room^.a  'dead  air  space  is  formed' t  between 
the  tops  of  the  ovens  and  the  ceiling  which  shouid  be  vented-^ 
this  may  be  accomf>lished  by  .connecting  the  space  Tvjith  flues  in, 
the  wall  of  the  building  and  placing  register  openings  in  the.  front 
wall  of  the  oven  enclosure  to  pjfovide  for  circulation ;.  or  t^y  raifing 
the  flooring  above  the  oven,  about  ^  inches  ahowre  the  mais  floor 
line  and  placing  louvres  in  the  bulkhead  thus  formed^  whicjh  will 
allow  the  hot  air  to  escape  into  the  room;  the  first  method  is 
preferable  and  safer.       .  ,         ,    . .  ,  i 
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The  ordinary  brick  oveiis  ^  foiind  in  small  bakeries  are  generally 
built  on  the  ground  and  do  not  extend  through  the  floor.  The 
clearing  to  combustible  ceilings,  partitions,  etc.,  should  be  not  less 
than  i8  to  24  inches  and  wooden  ceilings  should  be  kept  well  white- 
washed. The  floor  in  front  for  a  distance  of  8  to  lO  feet  should 
be  incombustible.  .  , 

Portable  ovens  found  in  the  small  bakeries  are  built  in  skeleton 
style  on  iron  legs  and  are  open  underneath,  the  fire-box  and  ash 
pit  extending  sometimes  to  tdthin  10  inches  of  the  floor.  Although 
these  ovens  are  fairly  isafe,  it  is  preferable  to'  place  a  metal  sheet 
extending  underneath  and  6  feet  in  front  and  3  feet' at  sides  and 
back  of  the!  fire-box  and  on  this  a  hyer  of  3-inch  hard  burned  hollow 
tile  or  4-iricli  brick  on  edge.  ■ 

Ovens  of  the  "Middleby "' type  (which  have  short  legs)  shouldy 
if  located  over  wooden  floors,  have  a  foundation  of  at  least  4-inch 
hiird  burned  hollow  tile  with  continuous  siir  ducfts-^this  is  to  provide 
for  circulation  of  air  through  the  tiles. 

Small  portable  gas  heated  ovens,  used  extensively  in  restaurants, 
boarding  houses,  private  bakeries,  etc.,  usually  have  walls  made 
double  of  metal  with  a  fillmg  or  mineral  wool.  They  set  close  to 
the  floor  and  should  have  a  fouhdution  varying  according  to  the 
size  of  burners  used,  but  at  least  equal  to  that  specified  in  the  last 
paragraph;  Care  should  be  taken  ifi  regard  to  exposed 'coftibustible 
material.  i        ; 

Inside  chimneys  used  in  connection  with  bake  ovens-  should  have 
brick  walls  riot  less  than  8  inches  thick,  lined  witli  flue  tiling;  the 
throat  area  should  be  suflicient  to  prevent  Undue  heating.  Outside 
chimneys  (stacks)  may  be  of  metal  provided yihey  are  self-support- 
ing and  have  ample  clearance  to  combustible  material. 

Boilers. — The  term,  low-pressure  bofiers,  will  be  taken  under  this 
section  as  meaning  boilers  in  which  Ifhe' steam  pressure  doe^  •  not 
exceed  15  pounds;  high-pfessure  boilefSi- those  iil- which  the  steam 
pressure  exceeds  15  pounds.  * 

Coinbustfble  ceilings  over  boilers  should  Tiave  no  ddncealed  spa<?es 
and  shtS^ld  be  protected  by  at 'kakt  twd  good'  Coats  of  whitewash 
or  fire-retardent  piint!  which  wiH  need  to  be  renewed  as  occasicfn 
demands.  This  means  that  wobd  or  metal  sheathing,  plastering, 
etc.,  should'  be  removed  and  the  ceiling  left  unfittished  so  as  to  be 
readily  accessible  for  inspection,  Whatever  protedti6'n  is  necessary, 
aside  from  the  Whitewash  or  paint  mentioned  above,  being  placed 
upon  the  boiler. 

Clearance,  ist — Between  boiler  and  fire-proof  ceiling  (concrete, 
brick  or  tile  arch,  etc.),  is  not  serious  enough  to  be  dealt  with  except 
in  special  cases.     2d — Between  the  unprotected  arch  or  breeching 
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(smoke  flue)  of  a  high-pressure  boiler  and  combustible  ceiling  or 
material  must  be  not  less  than  36  inches;  may  be  reduced  to  18 
tncfaes  if  the  arch  or  breeching  is  covered  with  at  least  3  inches 
of  asbestos  cement,  or  its  equivalent — breeching  should  be  covered 
on  sides  as  well  as  on  top ;  and  may  be  reduced  to  lo  inches  in 
one-stofy  boiler  houses  if  the.  arch  or  breeching  is  protected  with 
3  inches  of  asbestos  cement,  provided  there  is  ample  ventilation 
over  the  arch  or  breeching  to  the  outside  air.  3d — Between-  the 
unprotected  arch  or  breeching  of  a  low-pressure  boiier  and  com- 
bustible ceiling  or  material  must  not  be  less  than  24  inches;  may 
be  reduced  to  12  inches  if  the  arch  or  breeching  is  protected  by 
3  inches  of  asbestos  cement  or  its  equivalent — breeching  should  be 
covered  on  sides  as  well  as  on  top ;  and  may  be  reduced  to  6 
inches  in  one-story  boiler  houses  if  the  arch  or  breeching  is  covered 
with  3  inches  of  asbestos  cement,  provided  there  is  ample- ventilation 
over  arch  or  breeching  to  the  outside  air. 

Note, — Breechings  which  have  been  in  use  for  some  years  may 
be  too  weak  to  carry  the  amount  of  asbestos  cement  ealled  for, 
in  which  case: some  lighter  material  may  be  specified  as  a  substitute. 

The  dome  of  a  boiler,  is  simply  a  large  steam  holder  and  may  . 
bfe  treated  as  far ,  as  concerns  clearance,   with  large  steajn  pipes, 
Except  that  in  case  it  .is  located  between  joists.,  or  is  other >vise 
pocketed,  it  should  have  at  least  a  3-inch  clearance  and  be  pT&- 
tected  with  2  inches  of  asbestos*  cement  having  smooth  finish. 

Boilers  set  over  wooden  floors  should  be  arranged  as  follows :  On 
the  floor  place  a  sheet  iron  or  steel  plate,  npt.  less  than  3.- 16  inch 
in  thickness,  iexteadh;ig  at  least  5  feet,  in,  front  of:  and  2.  feetou 
all  other  sides  of  boiler  or  botlen»;  plate  to  be  securely  riveted 
at  joints  and  turned  up  5  inches  at  edges  all  argund;  on  top  of 
the  plate  place*  at 'least  5  inches  of  brick  set  in  cement  mprtar; 
on  top  of-  the  brick  cover  the  space  directly  under  th^  boiler  with 
6-inch  hpllow  fire*tile  covered  with  3-16  inch  steel  plate.  (See 
Chimneys,  Flues  and  Stacks.) 

Brass  Furnaces — SpeciUcations  for  Moymtrng. — Shcnild  pre- 
ferably be  located  only  in  high  one-story  buildings  (ceiling  12  feet 
or  more  above  the  floor)  having  plain  brick  walls  and  incom- 
bustible floors.  Ail  furring,  on  walls  and  the  un,derside  of  roofs 
for  a  distance  of  5  feet  each  side  ofc  furnaces  to  be  removed  All 
wooden  ceiling  joists  in  immediate  vicinity,  to  be  thoroughly  white- 
washed. ;  ,  '  .        . 

If  necessary  to  locate  in  ^  other  than  one-story  buildings,  place 
the  furnaces  on.  the  top  floor  and  construct  the  foundation  •  for 
same  as  follows: 

InstaUation   Uftder  Low   Ceilingns.—ll  the   ceiling  $^(J^s,  than 
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t2  feet  ift  hei^t,  thfe  #bbdfen  flbrtf  ftji^tS  >^hdtild  be  tut  a^Ay  fsl 
ifitehefe  WMfel-  eitrh  4iVte  thfttt  the  spA^y  retjbil^d  for  tfe€  IhlflRKt^'- 
^efl  ihd  fV'dmecl  iil  SH^h  tif-mch  «t^*l  l-tejeaihs,  ptbp€t\y  Sujiport^fd;: 
to  thi§  st\tfel  tVathin^  §6^dtfely  §upti6«  an  lt<»  pttW  (Hot  lfes«  tliah 
i4  hVcli^s  d^ep)  fridtttainkig  ^  36'-tttth  tl^aftttiee  between  the  fuf- 
riac^'s  aftd  tilt  cOhibUfefible  fiool-  ot  hiat^rifefls.  Grtitmii  wsed  at  die 
flobf  iitie  of  )[kih  to  be  made  Of  JjWcI  6t  tron  bdfs.  Ceili?^  ovef 
above  setting  to  be  fefrtoved,  thte  fdof  iHit  dWay  i8  iiithefe  each 
way  beyond  tihe  litle  of  ftirttaCeS  ahd  th6  O^efllng  thUs  foTirtetr  fi*kd 
wfth  a  ihetzli  ventilator. 

!Stdck.—T6  be  c'brtfetrufcted  of  ittetat  of  bri<!k|  if  of  bHdd,  to  bfe 
riot  li^ss  thati  i  ihclies  tttfck  aild  iiiled  WitTi  fir^=-tite;  ii  Of  ni^tbl, 
to  be  nfiade  of  rtbt  Iti^  thiati  No.  lii  U.  S.  g^iige  st^l  <m\lfet  be  riot 
less  thiin  :J-i6  inch  thicfe  !n  the  base  ftnd  feicteHdirig  \^'^  poJtlt 
12  iiiches  ^boVe,  Whefe  the  ^tiicilfafy  fftf*  dOntteCts),  ]^t*ot>e%  riveted 
and  lined  with  4  inches  of  'flfe-bH(*-^!tA5rt^  to  ^kfehd  (*0n^«tot!r$1y 
frdm  the  furttace  to  a  point  at  least  if4  in<ki€i  aboV^  the  roof  boards. 
To  have  at  Iteast  a  lo-irfcfe  cld^rAhiie  W>  roferf  bo'dtds  if  U  V^ntiMted 
weather  Sln'eld  is  tisfed,  Oth-drWi'^fe  'to  frAVC  at  ItlA^t  a  15-tneh  dearaftce 
—a  separate  collaf  of  f6ttder  shoUld  be  provided  h^\<m  fhe  r6of 
boai-ds,  irrk'nged  to  ^hield  tfte  bOslrdS  in  thte  vicittity  bf  th€  Stack 
fi-onl  tti^  radiation  of  he^t  attd  'cati<56  th^  hfefat  to  tJ^asfe  tip  AwA  aH«m! 
the  stack  throti^  the  Vfetltflatied  'shield  ftbbVe  the  r06f.  Mtetai 
stacks  s1ib\ild  heVer  pass  tlh^biigh  flOfbts. 

Casfing  F/oor.— Shotild  be  ^reproof,  tfut  ipfedkl  pei-mlssion  fnJay 
be  '^Ven  aft  cJlseretidh  to  't^^  !a  ^obdch  Bobf  If  Saihe  is  coVterfed 
with  T^-incli  ^isb^stoi  iivhlOi  Ih  tifrn  is  cdVer^d  "^^  briclciaid  'flil: 
6r  on  edgie  ahd  embedded  ?fi  2  ihA^s  of  sand.  A  special  plktfbrttt 
should  ht  pfbVidW  ior  depositing  sVftnminfes  IVbm  ^  fk&ft,  dt 
on  wh5ch  to  pl^cfe  hot  ladli's.  Thfe  l^lktforftt  should  h^  6f  *-indi 
hollow  tlTe  of  its  ecfdival^hl  hrid  '^hotild  be  flsc^d  olh  'th^  Al!)bvfe^ 
descfibed  castin^g  flobr  hnless  ^ch  flbbl-  ife  ^trtdly  ftr^i-oOl' 

Installation  Under  High  Ceilings.^Ti  tlVfe  \ife51h^  is  Y6  feet 
or  more  ?n  hei^t,  the  furnaee  may  be  set  above  a  Wooden  Boor, 
provided  the  folIoWihg  foundation  h  used: 

1st— Pliicte  a  toverihg  of  %-fini:h  ^^e^t6s  bn  tbp  i^f  the  "^^bd^ 
floor,  ibvc?Hhg  thfe  clhtire  arei  of  TtirA^ees  ktiA  extfeftdihg  4  fefet 
in  froM  6T  knd  i  f6fe*t  l)feytShd  'thfe  sides  khd  b^ck  of  "^aifie. 

2d— Oh  't6p  of  the  k$best<!/s  place  a  itlttal  'pah  ittade  "of  ribt  !feSS 
than  No.  14  U. '  S.  gauge  steel  with  4-inch  upturned  edges  (fell 
jbiritfe  to  be  s^cur^ljr  riveft^d). 

3d— F5T1  thte  pati  witti  cbWmbn  bflfclc  latd  on'  edS^  ^ftd  %ltishtefi 
with  cement  mortar. 

4th— Siippbrt   eaidh  Tttfnace   fhde^erideritly   by  ^paraSW!  ^^feftins 
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Wihich  sfccwld  he  kid  o^  brick  and  ternjipate  ^bowt  6  ipches  if^  front 
of  and  about  6  io<4ies  iw  rear  of  .tjie  furnace ;  bottom  of  fwrns^ce  tP 
be  not  i(BS3  flia»  j^  iiiche#  ftbove  the  brick^vorlc. 

NofE,-r-Ritb^  lJ2-»»cfe  or  ^^perimpo&ed  (Mneh  I-be^m^  m^y  be 
used  to  secure  .tl>ie  nece^^ary  heighi:.. 

PJape  »  pUte  (ik€»  npie  J^elow)  off  No.  ?;2  U.  S-  ftauge  ifop  oir 
ateel  6  ini^he^  aboye  th^  briclfwork  and  covering  tbk^  es^ire  ^u^fta 
between  the  I-beams;  this  plate  to  be  supjQprted  by  fl^ijig^^  r^y^tefd 
to  <the  web^  of  i^^in^h  i-b^awn?  to  b<5  supported  on  tpp  qf  iS-inch  , 
I-beams  amd  riveted  to  both  upp^r  an4  low^  b^atn^,  Tb^  spsH^ 
between  the  plate  just  oieuibipiied  ^ud  the  brick\yofic  m^y  b«  left 
voi4,  oir  may  be-  fill«4  by  a  layer  of  double  .^r-cell  6-incb  hqlJow 
fire-^k  sot  im  cenaent  morter  and  >veH  Pushed  at  sid^*  ne^t  to 
I-beams,  or  may  be  filled  by  a  layer  of  6-inch  steel  rails  or  ^-bepiftp ; 
il  boihw  tiien*  used,  the  eba^nd^  in  thip  ^i|«  iUU§t  b§  contifHI9us, 
paralld  with  tiie  iTbeams  fiupporti^ig  the  fprn^pe,  and  be  k^P*  PP^n 
at  both  ends  at  all  time*.  Ceiling  ov«r  above  setting  to  b^  r^uioved, 
the  isooi  eat  ^may  f$  iuc^e^  fiax:h  way  beyon4  the  line  of  furnaces 
and  tbe  opening  thup  formed  ^\h4  with  a  metal  v^tiUtor. 

NoTE,.Tr.The  pb.te  rnendioned  alcove  i^  for  the  purpose  of  pre- 
veo^iug  *he  spfice  below  fiUing  with  cipders  amd,  where  t4e  i^ 
usfid,  to  pr-ev^t  the  tiie  k^ns  broken  when  the  furnace  is  barred 
down.  Where  the  boK-hc^ttom  <^  air'ichambejr  type  pf  f urnapie  is 
inMalted,  the  hejjght  of  the  chamber  may  be  figured  it  the  lii-inch 
deariwce  required  a*bove  the  brick  foundation,  apd  the  heavy  pi^Jte 
under  the  grate  may  be  omitted. 

The  flue  ^  au?filwy  chimney  lea4mg  to  the  mai<n  stack,  if  near 
the  floor  line,  must  always  be  mow^tec}  ou  a  jpj^tform  sinu^ar  ^o 
the  one  j-ust  descrpMd  for  the  furuace;  the  side?  and  top  of  this 
due  -to  be  ^f  ^»»eh  ^e-brick  ai>d  jnd^endeat  of  |Jie  building  w^Hs 
(unlined  metal  flues  or  stacks  are  unsafe,  as  they  deterjx^^te 
ra^djy,  due  to  the  intense  heat  resulting  from  th^  w4;ute.  diot 
meta^iic  idu^t  which  accumulates  m  the  flue) ;  must  be  consfU-upted 
so  that  the  air  channels  in  the  tile  fQwnda4:ion  of  furnaoes  wjjl  be 
unobatriieted.  i 

Slack  to  be  oif  brick  or  metaj,  as  previously  described. 

/n^taUf^fioii  9^  an  JfUjermediate  Floor, — Where  it  is  abpolVrteJy 
neoeasary  to  install  fumaees  in  ottwr  than  top  floors  or  oue-^tory 
buildings,  the  following  rules  apply : 

ist-^oundatioo,  casting  floor  a«d  v^xxkikmxy  fhieto  ibe  cofistmoted 
as  already  descritbed,  aoeordiag  to  tlae  hei^  of  veiling. 

ad— Stack,  if  ifi  wail,  io  be  i>0t  iess  than  8  iadaes  thick,  lifwd 
with  flre-itile;  if  of  ifop  ..and  prefef,a^ly  run  m  on  outside  of  wall 
feetw^eeji  window  hiays  with  «ot   less   than   a  3-tfQot  clearance   tp 
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inflammable  material  and  extending  at  least  8  feet  above  the  roof, 
to  be  not  less  than  No.  14  U.  S.  gauge  with  2-inch  brick  lining; 
if  of  iron  run  through  floors,  to  be  not  less  than  No.  12  U.  S. 
gaiige  lined  with  4-inch  fire-brick,  surrounded  by  a  6-inch  hollow 
fire-tile  stack,  extending  4  feet  above  the  roof  and  'Open  at  top  and 
bottoih,  so  arranged  as  to  allow  a  6'-inch  clearance  between  the 
stack  and  tile;  joists  to  be  headed  at  floor  openings  with  6-inch 
I-beams  carrying  the  tile. 

3d— A  hood  of  sheet  metal,  not  less  than  No.  20  U.  S.  gauge 
at  sides,  and  No.  16  U.  S.  gauge  dt  top,  to  be  placed  over  and 
extending  3  feet;  all  sides,  beyond  the  line  of  furnaces;  hood  to 
have  at  least  a  24-inch  clearance  to  ceiling  and. to  be  connected- 
with  a  pipe  venting  outside  of  buildmg  (if  possible)  to  carry  off 
the  heat. 

Converter  Type  Furnaces. — Converter  type  brass  furnaces  must 
be  installed  either  in  a  one-story  building  or'  upon  the  upper  floor 
of  a  building  more  than  one  story  in  height. 

Fouffdation. — To  be  of  dirt  or  other  incombustible  material  for 
a  radius  of  15  feet  about  the  f  urn  ice.  Where  on  top  floor,  to  be 
constructed  as  follows:  Place  a  layer  of  ^-inch  asbestos,  on  top 
of  which  place  sheet  metal  of  not  less  than  No.  14  U.  S.  gauge; 
then  a  layer  of  4-inch  hollow  tile  (hard  burned  or  fire-tile  pre- 
ferred) slushed  with  cement  mortar — air  ducts  to  be  continuous; 
on  top  of  the  tile  place  a  layer  of  2-inch  brick  laid  in  cement 
mortar — solid  brick  instead  of  hollow  tile  may  be  used  directly 
under  the  supports  for  furnace. 

Roof  over  space  used  for  furnace  should  be  removed  for  an  area 
20  feet  square  and  a  metal  ventilator  installed. 

Casting  floor  should  be  similar  to  that  required  for  other  furnaces. 

Fuel  oil  systems  should  be  installed  in  accordance  with  specifi- 
cations furnished  on  request. 

Buffing  Wheels; — Buffing  or  polishing  wheels,  emery  wheels, 
atld  all  lint,  dust  and  shavings  producing  machines  should  always 
be  provided  with  blowers  preferably  venting  outside  of  buildings 
into  a  metal  dust  house,  tank  of  water  or  other  non-inflammable 
receptacle  which  would  prevent  the  refuse  collecting  inside  or  on 
roof  of  building  or  adjacent  buildings.  When  venting  into  a  fur- 
na<ie  or  vault  inside  of  building,  an  automatic  damper  should  be 
provided  in  the  discharge  pipe. 

Candy  Furnaces.— 'Having  4-inch  legs  should  be  installed  as 
follows:  Place  No.  16  U.  S.  gauge  iron  on  the  floor,  covering 
the  space  necessary  for  furnaces  and  extending  4  feet  in  front 
of  and  2  feet  at  sides;  on  top  of  this  place  a  layer  of  common 
brick   laid  on   edge,   slushed  with  cement  mortar;   directly   under 
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the  furnaces  place  .3-inch  hollow  die  (har^  burned  or  fire-tile  pre- 
ferred). Furnace  legs  may  rest  on  brick  supports.  Chimney  for 
furnaces,  if  inside;  the  building^  should  be  not  less  than  8  inches 
thick,  and  lined  with,  flue  tiling,  or  if  outside,  to  be  metal.  All 
walls  within  4  feet  of  furnaces,  to  be  of  plain  brick.  If  ceiling. is 
lesig  than  14  feet  high,  a  tnetal  hood  constructed  of  not  less  than 
No.  16  U.  S.:  gauge  steel  should  be  placed  over  furnace  and 
ventilated  to  outside  of  building. 

Iron  Stacka.-!-Outside  stacks  shquld  be  built  round  of  galvanized 
iron  (not  less  than  No.  12  U.  S.  gauge),  properly  riveted  at  all 
joints  and  braced  about  every  10  feet  with  band  or  angle  iron  well 
fastened  to  building  wall.  They  should  extend  at  least  10  feet  Above 
roofs  of  buildings  and  be  kept  at  least  4  inches  from  the  building 
wall 

Inside  stacks  should  be  discouraged;  where  found  should  be  very 
well  built  and  protected.  They  should  be  constructed  of'  not  less 
than  No.  12  U.  S.  gauge  steel  and  where  extending  through  roofs 
and  floors  should  be'  enclosed  in  not  less  than  8  inches  of  brick 
or  6  inches  of  hollow  fire-tile,  maintaining  »  4*inch  air  space  between 
the  stack  and  enclosure  throughout  ,1 

Stove  pipea  passing  through  closets,  .Wind  attics  (and  other  con- 
cealed spaces)  should  be  condemned. 

Stove  pipes  al.  6-inch  or  .less  idiajneter  passing  through  .floors, 
partitions,  sides  of  buildings  and  roofs  are  dangerous  arid  should 
be.  removed.  If' allowed  to  remam,  they  should  be  protected,  by 
double,  metal,  ventilated  thimbles  so  arranged  as  to  maintain  at 
least  a  4'-»nch  cleacanee  between  the  pipes  and  combustible  material ; 
thimbles  td  extend  at  least  3  inches  at  both  ends  beyond  the  sur- 
faces protected. 

Stove  pipes  and  smoke  pipes  from  hot-air  furnaces,  more  than 
6  inches  in  diameter,  should  be  kept  at  least.  12  inches  from  com- 
bustible partitions,  walls,  etc.^  and  be  protected  by  double,  metal 
thimbles  or  equivaHent. 

Pipes  mentioned  in  the  two  precedmg  .paragraphs  to  be  ke^t  at 
least  18  inches  below  combustible  ceilings,  or  el&eithe  ceilings  should 
be  protected  with.  1^ -inch  asbestos  (covered  with  metal)  or  its 
.equivalemt.  ',,.•.....  ,  .     ■  .  . 

Coffee  Roasters. — Should  be  located  on  the  top  floor  in  a .  room 
having  not  less  than  8- inch. brick  or  6-inch  hollow  tile  walls  with 
single  6ti2ndard  iron  doors  (not  rkss  than  No.  14  U.  S,  gauge) 
on  openings;  ceiling' and  floor  to-be  brick,  concrete,  or  tile  arched, 
at  least  8  inches '  thick,  sprung  between  iron  or  steel  I-beams.; 
arches  to  be  open  finished-  underneath;  Room  to  have  approved 
skylights  or  metal  ventilator^ J  Digitized  by  v^QOglC 
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li  impossible  to  secure  the  fonegrtuftg  spetified  floor  construction, 
the  following  may  ,^  a/cceptable:  Wooden  floor  1p  be  protected 
by  a  layer  of  ^-iiich  asbestos  or  equivalent  covered  wkii  sheet 
metal,  on.  top  of-  which  are  placed  two  courses  of  4-4nch:  hoHow 
tile  laid  at  right  angles  with  air  spaces  oontinuou^  and  with  ^  top 
covering  of  3-16  inch  plate  iron  ov  steet  Coolitig  pans  to  be  iiijetal 
•a«vd  provided  with  metal  blow  pipes.  Chutes  and  hoppers  to  Eoor 
below  sl^ould  be  metal.  .      ,     • 

Core  Oven&^^Briok  «ovens  gbould  have  at  least  a  3-l6ot  clear- 
ance O^^rhead  and  a  12-inch  clearance  at  side&  to  combustible 
material ;  metal  ovens  should  have  at  leawt  a  3*foot  clearance 
overhead  and  at  Isides  to  combustible  material. 

Cup61aSv^->Sh(Mild  Irnve  ;at  least  a  56-'indi  ckarance  at  conibutiibi>b}e 
charging  floor  and  roof  and  must  extend  10  feet  above  the  highest 
point  of  affiy  roof  withdn  a  radius  of  40  feet.  Iif  the  chaT5ging  Hoor 
is  lefes  than  8  feet  above  the  dump  -ftoor,  i|?be  former  shoukl  be  of 
-6  reproof  •  construction.  •  ,    > 

'Cydone  Dust  Collectoris.^To  vent  outside^  or  «o  a  tlust  room 
having  'OU«s«de  vefitilation. 

Com  Shellers. — To  have  dust  ipii^6  attached, 'tenting  outside  br 
to  iaoiter,  eKoept  where  a  •(fcorn  cleawer  is  in  ii»c>'ifl  whkh.case  may 
vent  to  the  latter. 

Drip  Pans^t^Mtetai  drip  pans  •shouUl  be  placed  umder  a^  machines 
Using  oil  to  catch  oil  drippings,  nietal  borings  and  shavings,  etc. 
The  contents  of  these  pans  should  t>e  removed  •  from  l?he  braiding 
each  night  in  metal  receptacles. 

P^rtMcefr-^oh  Metad^^-^Thiesie  are  divided  istfK)  several  classes: 
Babbitt  metal,  stereotyping  <meta4-,  'dectrotj/ttifi^  vne^al,'  lead,  etCi 

Stej-eotyping  metal,  being  the  hardest  grade,  recipes  a  hotteir 
fire  axyd  vnore  oonoentration  of  heat  mider  Che  laettle;  this  causes 
a  Reflection  of  intense  heat  downwiard^  which  mu^  be  fuiovided 
for.  A  ipireferalUe  foundaition  <for  1t\s  >dass  ol  furnaee  is  to  remove 
all  wooden  joists,  beams  and  floors,  insert  steel  I-beams  with  either 
fl^ick,  concrete,  or  tile  arches,  &nA  cm  top  of  this  spread  3  indhes 
HUr  4  inches  of  concrete  and  oemoiit. 

£lectr(A>t>e  fnntaces  usually  tove  a  large  ^ir  space  in  the  ash 
pit  and  rest  on  6-inch  legs,  the  metal  pot  not  requiring  I3t»e  depth 
•Off  stereotyfring  furmaoes.  In  m^st  cased  a  "plate  of'  No.  m  or  Ko. 
ta  U.  S.  gaugie  steel  is  placed  tnpoia  the  floor,  extending  iin  f nont  of 
and  at  sides  as  circumstances  may  w^arrant.  Small  metal  furnao^ 
soch  as  fire  used  inoaetal  novieity  wor^  and  ^siset  factories  are 
usuaUv  set  on  ro  or  i3-inoh  legs  with  a  promotion  of  metal  cover- 
ing thit.fioor  under  and  around  samara  ihetal  shield  tnidway  beti^eoi 
the  bottom  of  furnace  and  floor  usually  afiiords.  aanple  proted^ion. 
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Furnaces  om^ttvifAxA  loi  an  ircm  pot  set  in.  bride  reiiuire  speciarl 
care  in  cosistructibn,  as  tke  pot  wh^i  iitted  is  quite  hcavy^  requiring 
wails  of  brick  to  Use  so  constructed  that  they  will  nott  break  down 
or  open  up  in  the. joints.  The  following  usually  mafcea.  good  con^ 
^traction:  On  top  iqf,  Heat  place  -sheet  iron  (about  No.  la  U.  S. 
gauge);  on  top  of  tlas  place  one  layer  of  .4'-inch  hollow  iile  laid 
in  oement  snortar;  cm  top  of  the  tile  in  the  space  directly  under 
4l>e  fire-box  place  a  layer  of  firs-tbrtpk  on  edge,  fiUifig.  halanee  of 
space  with  bomnion  briclL  Build  tdie  furnace  enclosusre  .wide  enough 
.to  pemnt  of  a  j^inoh  <air  ^moe  Iqetwaetn  tttside  and  outside  wallfi. 
Bind  liKalls  of  furnafe  by  3x3x^i-iajh  angle  irpn  starc^ped.  together 
at  top  anbd  bottom.  Canstntd  support  lor  pot  of  s-ioGh  fire-^hmek 
4aid  flat;  this  fornus  the  side  or  endosuno  o(>  the  fire  bed  and  ash 
pit;  the  4-inch  air  space  surrounds  this  enclosnns.  Oqtside  sheil 
to  be  coisstriicted  of  not  less  tiaan  Scinch  brick.  T09  osrvcnjia^  is 
ttsuaiily  an  inDn  pi9l:e  at  least  ^  indi  in  thiidcnesa.  A  raisiod  vimAea 
platform  may  he  constrttcted  aiou@  jsidc  of  fitrnnce  ito  permit  ol  the 
dipping  out  of  metal.  >  ' 

Grain  Bleadier»»^on^/rticte'o0ir^To  be. of  brick,  oocicrete  or 
other  fireproof  construction)  or,  if  <sd  crabbed  eonstnietian,  to  he 
protectjed  on  i:he  outeide  by  hric^  concrete,  metal  or  other  incfldni- 
buatibie  material 

Lo/iatfiW.-t-Toi  he  ^et  at  Seasft  2i%.i«tt  from  tftie  elemtor,  or  fffom 
any  building  afdjoining  or .  comaiutiicating  with  cievaton  uaieas 
communications  are  protected  i|i  a  standard  liiaaaer*  . 

Spouis. — To  he  connected  to  Hhe  elevalior  above,  pud  hqlow  by 
metal  spouts  properly  cut  off  by  two  automatic  valves  in  each  spout. 

C'tmv^yars.'-^All  conveyors  i»  .h(p  sietal  screw  ccanwjiors  in  aaetal  ^ 
box;  no  ^oombnstible  anatertal  ito  be  used  between  hHsacher   and 
elcvat9r. 

Fufffflkrr.t— Suljphur  btjming  furnace  t<>  .be  set  at  least  as  f^et 
distant  (from  bleacher  in  the  opposite  diuectioii  •  f rom  ithe  elevat(»'C 
to  be  ci  fireproof  construdbion ;  to  be  uned&closed,  <eKC0pt  it  be  an 
eiK^osrjire  of  finepttoof  construction. 

'NoTc— When  necessary  fto  set  furnace  olo^er  .to  bleacher  than 
above  ispccified,  it  may  be  done  piovided  the  fume  pipe  is  not  lesis 
than  25  feet  m  ilength. 

Japan  "or  Enameling  Oven8.--^Japan  ovens  are  mostly  bonstrueted 
of  metal,  exoept  in  large  giants  -where  spdciai  buildang^  are  coo- 
stnccted  tor  tjie  purpose^  in  which  case,  they  arie  huiH  of  brick 
usually  otrtside  of  an  opening  through  iirpu  doors  into  room  'where 
tiie  JBfian  ^dipping  is  done.  Sttom,  gfts  and  coai  ifires  are  used  to 
heat  ibhfcse  oifens.  .  Steam  lieat^  is  not  eondociye  to  rapid  or  .hard 
drying  and  is  hdag  dtspensctd  fwith,  CHcept  iia  the  smalleir  plants. 

\ 


io6  Fire  Prevention  and  Protection 

Gas  heat  is  used  by 'placing  parallel  perforated  pipes  on  metal 
■supports  about  4  to  0  inches  above  the,  flobr,  the  heated  air  passing 
•Tip  to  the  top  and  down  the  sides  to  a  ventilator  which  extends 
to  the  outside  of  the  buildings.  Coal  fires  are  sometimes  built 
in  an  open  ditch  inside  of  the  oven  < this  applies  to  brick  ovens), 
and  others  have  a  stove  recessed  into. « side  or  set  in  the  room. 
Owing  to  the  nature  of  the  thinneir  used  in  japan ; and  enaiiiel, 
the  vapor  thrown  off  in  the  process  of  dryiiig' is  liable  to  ignition 
where  an  open  fire  is  used:  ;  This  hazard  m^y>  be  .reduced  some- 
what where  good  ventilation  is  provided.  Foundation*  under  large 
japan  or  enameling  ;ovbns  should  be  not  less  than  6-inch  hard 
burned  hollow  tile  with  dlicts  laid  continuous,  and .  wooden  1  floor*- 
iag  should  be  covered  with  metal  between  fronstof  oven  and  dip 
trough  to  prevent  floor  being  soaked  with  oil. .      :  ; 

Small  iacquering  ovens  are  usually  made  6i  riietal,  have  a  low 
temperature  and  are  mostly  steam,  (a  few  are  gas)  .heated;. these 
are  usually  set  on  legs,  but  where  they  are  not,  it  is  well  tOv  place 
4-inch  hollow  fire-tile  under  same.  :  •.  i>, 

•  Brick  japan  or  enameling'  ovens  set  on  any  floor  'above  the 
basement  should  have  foundations  of  brick  or  tile  arche;^.  on  steel 
I-beams,  and  doors  to  same  should  be  not.  less.ithan'No. -14  U.'  Sv 
gauge.  In  plants  where  a  number  of  metal  japdn  ior  enamehng 
ovens  are  used,  a  fireproof  room:  should  be  provided  on  the  top 
floor  with  thin  glass  skylights:  and 'ventilator;  opening:  to  room 
to  be  protected  by  .iNo.  12  U.  S.  gauge  self *closing  doors.  This 
latter  plan  applies  to  nearly  all  large  plants  where  a  » separate 
building  is  not  feasible. 

Packing  'Material. — To  be  kept,  when  loose,*  in  wooden^  metal, 
or  tin-Kned  wooden  boxes  with  automatic  or  self-dosing  covers* 

Pickers. — In  ordinary  buildings,  pickers  for  moss,  hair,  excelsior, 
etc.,  should  be  in  a  room  used  exclusively  for-  this  purpose  and 
having  a  window  or  other  outside  ventilation.  Sides  and  ttop  of 
room  to  be  of  incombtistible  material,  such  as  naetal  lath  :and 
plaster  on  metal  framing;  or  double,  sheet  metal  with  hollow 
space  of  at  least  i  inch ;  tile  or  <it«  equivalent  may  also  be  used. 
Floors  to  be  made' of- :2-*nch  tile  or  cement,  or  their  equivalent 
and  covered  with  sheet  metal.  The  only  communication  from  the 
room  to  the  building  to  have  a;  good  self-closing  door,  equivalent 
to  the  construction  of  the  sides  of  the,  toom ;  any  openings  for  stock 
spouts,  etc.,  to  have  ailtonwitic  doors.  Automatic  sprinklers  to  be 
installed,  or  a  live  steam  jet  to  be  put  into  the  room  with  valve  on 
outside,  or  an  approved  chemical  ftre  extinguisher  to;  be  kept  just 
outside  of  door  leading  to  the  room  and  a  small  protected  hole 
pfovidedfor  inserting  the  nozzle  of  the  extingii>sh«fc»OOgl6 
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Paint  Mills  and  Printing  Presses. — To  be  set  on  metal-clad 
or  incombustibk  floot;  surroundings  to  be  kept  neat..  (This  also 
applies  to  other  oil-bearing  machines: ) 

Pressing  Irons  and  Heaters — ^Protection  Under  Same-^Ga^ 
Irons — (a)  Where  possible  to  obtain,  especially  in  shops  using 
more  than  ten  irbns,  iron  tables  should  be  provided. 

(b)  If  wooden  tables  are  used,  protect  same  with  J^-inch  sheet 
asbestos  covered  with  sheet  iron  (not  less  than  No.  16  ;U.  S. 
gauge),  both  extending  at  least  2  inches  beyond  all  sides  of  iron 
stands;  iron  Stands  having  not  less  than  3'inch  legs  to  set  on  top 
of  sheet  metal  and  to  be  securely  fastened  to  table;  but  rtot  to 
have  the  legs  extended  through  the  sheet  metal  or  asbestos. 

(c)  Gas,  air  blast,  pressing  ironfe  to  be  provided  with  iron- stands^ 
having  legs  not  less  than  3  inches  long. 

AH  gas  supplies  to  pressing  irons  to  be  provided  with  shiit-off 
valve,  or  valves  so  arranged  as  to  cut  off  the  entire  supply;  valves 
to  be  dosed  every  night'  <  . 

Gas  Plates. — If  used  over  wooden  tables,  should  set  on  3-inch 
hollow  tile,  have  at  least  an  8-inch  clearance  to  combustible  material 
at  sides  and  back  and  never  be  located  under  wooden  shelving.    '  ' 

Electric. — (a)  Mtfst  each  have  a  cut-out  and  an  indicating  switch. 

Note. — It  is  often  desirable  to  connect  in  multiple  with'thfe  heat- 
ers, an  intandescent  lamp  of  low  candle  power,  as  it  shows  at  a 
glance  whether  or  not  tile  switch  is  open,  and  tends  to  pirevent  its 
being  left  closed  through  oversight. 

(b)  Th«  base  of  iron  niust  be  set  on  iron  or  other  incom- 
bustible stand  in  sudi  a  manner  as  to  maintain  a  3-inch  clearance 
between  bottom  of  iron  (when  in%place  on  base)  and  combustible 
material  beneath. 

Coal  or  Wood-Heated  BiisheKng  Stoves.— If  used  over  com- 
bustible floors,  should  be  set  on  4- inch  hollow  fire-tile  on  a  layer 
of  brick  (on  edge,  well  laid  in  Cement;  brick  to  extend  3  feet  in 
front  and  18  inches  at  sides  and  back  beyond  line  of  stoves). 

Ranges — Coal. — Coal  ranges  having  4-inch  legs,  warming  Oven 
below  the  baking  oven  and  a  large  ash  pan  under  fire-boix,  nieed 
Uttle  attention,  exciept  as  to  surroundings-^the  floor  may  be't)rd- 
tected  with  a  zinc  board  or  sheet  zinc  extending  14  to  18  inches 
in  front  and  4  inches  at  sides  and  back.  Where  the  range  is  set 
closer  than  t8  inches  to  a  furred  wall,  the  furring,  wood^  lath 
and  plaster,  etc.,  should  be  removed  for  a  distance  of  12  inches 
each  side,  and  6  feet  above  top  line  of  range.  If  stud  or  -i^ooden 
partition  at  back,  a  wall  of  3-inch  hollow  tile  should  be  constructed 
between  range  and  {lartition;  tile  ducts  to  be  continuous  and  cJpen 
top  and  bottom^  sides,  if  exposed  within  24  inches,  tW^Qfi?§ we 
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protection.  Where  a  coal  range  \6  of  the  2^fire  or.  S'Ssse^  etn.,  type, 
a  fotuidation  of  3-iqch  or  4-inch  hard  burned  hollcvwr  tile  siiuxuld  be 
placed  on  top  of  zinc;  ducts  to  ruo  the  i^hout  way  of  range. 

Single  Qoal  ranges  without  warmiBygf  ovef^s  belowi  ov^  woo4en 
floors,  should  be  mounted  on  a  foundation  pf  5rir\f:jti  hollow  tile 
on  metal;  if  2-fif«  or  j-fir^,  ctc^  found^ion  $hoiijik|.  b^  4-inch  brick 
laid  in  cement  woctar  covered  with  4-mch  hollow  tile,  brick  to 
e?ctend  4  feet  in  front  of  r^nge.  .    ,» 

Qas, — Ga§  stove?  may  be  divided  into  thre^  <?U«sqs  ; 

1st— Plate  or  siagle-bumer.  Ordinarily  foiwd.  m  taiJoT  shops 
and  under  coffee  urns,  etc,  A  ^pundation  of  j-ineb  hoi^ow  tile 
should  be  used  except  where  used  for  heating  ^m^U  irpnsi  when 
zinc  should  be  placed  on  top  of  b^rd  fonndaition  ^nd  aheet  iron 
plate  suspended  directly  under  burner  midway, between  top  of  fitpye 
and  table  or  support;  or  further*  tjie  taMe  may  be  .cm*  away  directly 
un4^  the  bwrnera. 

2d — Ordinary  house  stove.  Sometimes  nf<e4  in  fpjall-  re§tft«rant^ 
A^A  ustiajly  set  on. a  perforated  base  or.  ;irinch  legp.  This  cigss  of 
stovei^  ii  in  ft  -dwfilHns,  need^  only  zinc  under  it,  but  it  in  a  restau- 
rant, it  $b<(H»ldJbe  prot^ted  with,  p  foundation  -of  a-inch  or  4-inch 
hard  ^^rned  bojlpw  tile;  clearance  at  Mi^smi  back  to  l>e  the 
same  a3  for  fpaj  ^wwre*. 

ad-^as  rajnges.  This  type  ip  HsmaUy  foiwd  in  the  laffie  r^sUu- 
^  rants  ,^nd  hotels.  The  foundation  generally  r^uiced  <or  tJiis  class 
is :  A  sheet  of  metal,  preferably  not  less  tkof^  No.  {6  U.  S,  gauge, 
x^er  {;p9Ge  £or  range  and  ei^tending  4  feet  in  front  and  J2  itiohes 
at  S4des  oi  ^ipe  (edges  may  or  may  not  be  turned  np  9  inches  to 
form  a  pan) ;  on  top  pf  the  me^^  a  foundatiofi  of  4-inch  brick  Laid 
on  edge  and  pointed  up  with  cement  and  mortar — thfiiS  brick  f 0jU»4a- 
tion  to  extend  from  w^ll  to  4  fer^?  in  fron^  and  ,12  is^h^  at  »i4es 
of  rau^ge;  oa  top  of  brack  and  directly  under  range,  a  foiuidation 
of  4-ipch  )aaiH}  bt^rned  fire-tile ;  ducts  to  extend  the  short  way  of 
range.  Cleafaaqe  from  partition  and  combustible  material,  the  same 
^  for  coal  stoves. 

Rendering  Kettles.— Fire  heatod  rendering  kettles,  oil  boiling 
kettles,  etc^  sihontld  set  on  an  is^cpmbwsuble  ;floor ;  if  ^et  on  legs 
over  a  wooden  floor,  the  floor  should  be  .ptrotected  by  ^±  least  one 
layer  of  brick  dished  toward  the  center,  well  *et  i^  aement,  covered 
with  2  inches  of  cement  and  ^^tiending  3  feet  on  all  ^des. 

The  safest  form  of  kettle  is  one  .set  in  brick  walls,  so  arranged 
that  m  case  fa  boils  over  the  cpotepts  cannot  r«aph  th«  firf^  or 
flames;  such  a  kettle  is  fired  from  th«  outside, 

A  supply  O'f  wet  buria^  bags  provides  a  gsood  n*eans  of  snaother- 
ing  oil  or  gre»se  Ores.    Covers  provided  with  long  ihandle^  should 
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be  kept  hanging  on  the  wall  nearly,  convenient  for  use  in  case  the 
kettle  catches  fire. 

Soldering  Iron  Heaters. — If  charcoal  or  gas  pots  are  used  over 
wood,  they  should  be  set  Cfxi  at  least  3-inch  hollow  tile  or  on  sheet 
metal  and  asbestos  with*  a  3-inch  hollow  space  below. 

If  electric  heaters  are  used^  to  be  arranged  SQ  a^  to  pitoyide 
protection  equally  as  good  as  required  for  eiectric.  ji^re^skig  ironas. 

Gasoline  plumbers'  4)ots  should  be  free  froni  le^ks ;  gB^i»e  to 
be  well  cared  for. 

Stoves.— Ordinary  coal  or  wood  heating  stoves  .3p*  om  w^4en 
Roofs,  should  haiye  sheet  metal  underneath  and  extending  ait  Je^t 
18  inches  in  front  Protecting  metal  screens  &b.o^ld  be  u^  wk^^F» 
inflammable  material  is  liable  to  qon^  in  contact  with  j^tov^^ 

Gasoline  stoves  to  be  of  ap|>roved  tygpe. 
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ELECTRICITY  . 

With  the  first  introduction  of  electricity  into  every-day  use  for 
lighting  and  power,  few  safeguards  were  provided  arid  little  care 
taken  with  the  installations.  As  a  result  many  fires  occurred  and 
it  became  recognized  as  a  distinct  hazard  and  in  ftiany  ca^es  its 
use  was  prohibited  in  an  insurance  policy  or  an  increase  made  in 
the  premium  charged.  For  some  years  the  insurance  interest,  in 
connection  with  manufacturers,  contractors  and  the  various  elec- 
trical societies,  have  drawn  up,  with  revision  every  two  years,  a 
set  of  rules  covering  the  installation  of  electric  wiring  and  ap- 
paratus and  the  construction  of  fittings.  These  rules  are  known 
as  the  National  Electrical  Code,  and  are  accepted  as  standard  by 
practically  all  city  electrical  bureaus,  as  well  as  the  underwriters. 
The  code  consists  of  a  pamphlet  of  about  200  pages  and  is  there- 
fore not  printed  herein;  copies  can  be  obtained  by  applying  to  the 
National  Board  of  Fire  Underwriters,  76  William  Street,  New 
York  City. 

For  the  inspector  or  the  electrician,  an  intimate  knowledge  of 
the  code  is  necessary.  For  the  owner  of  the  building  no  general 
rules  can  be  given,  except  that  all  repairs,  changes  and  renewals 
be  made  by  a  skilled  electrician  and  every  installation  looked  over 
by  a  properly  qualified  inspector  after  all  changes. 

For  the  owner  or  architect,  it  is  recommended  that  a  clause 
be  inserted  in  any  contract  "  that  all  electric  wiring  and  fixtures 
be  installed  in  accordance  with  the  National  Electrical  Code,"  and 
that  during  and  after  the  installation,  a  careful  inspection  be 
had  by  an  electrical  inspector  of  the  municipality  or  the  insurance 
board  having  jurisdiction. 

Electrical  Fittings. — In  the  foreword  of  the  code,  it  is  stated  that 
the  portion  of  the  rules  relating  to  the  design  and  construction  of 
appliances  is  but  a  partial  outline  of  requirements.  A  device 
which  fulfills  the  conditions  ^  outlined,  ^and  no  more,  will  not  neces- 
sarily be  acceptable.  All  appliances  should  be  submitted  to  the 
Underwriters*  Laboratories  for  examination  and  report  before 
being  introduced  for  use.  A  list  of  electrical  fittings  is  issued  by 
the  National  Board  of  Fire  Underwriters,  covering  devices  and 
materials  which  have  been  examined  and  are  suitable  for  the  use 
intended.     This  list  is  revised  semi-annually. 
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Electricity  hi 

It  is  best  for  an  owner  or  architect  to  specify  that  all  material 
and  fittings  bear  the  Underwriters*  label  and  that  this  requirement 
be  religiously  lived  up  to.  Much  of  the  material  installed  several 
years  ago  wotjid  not  to-day  pass  the  approval  of  the  Laboratories, 
and  the  natural  deterioration  of  insuliation  and  working  parts  also 
makes  an  old  equipment  sub-standard.  'For  this  reason,  where  a 
competent  electrician  is  not  employed  to  keep .  the  system  up,  a 
complete  reinsp^ction  at  least  every  -two  years  should  be  obtained 
from  the  municipal  or  the  Underwriters'  inspector. 

Avoid  Short  Circuits. — In  all  electric  work,  conductors,  how- 
ever well  insulated,  should  always  be  treated  as  bare,  to  the  end 
that  under  no  conditions,  existing  or  likely  to  exist,  can  a  ground 
or  short  circuit  occur,  and  so  that  all  leakage  from  conductor  to  con- 
ductor, or  between  conductor  and  ground,  may  be  reduced  to  the 
minimum. 

In  all  wiring  special  attention  should  be  paid  to  the"  mechanical 
execution  of  the  work.  Careful  and  neat  running,  connecting, 
soldering,  taping  of  conductors,  and  securing  and  attaching  of 
fittings,  are  specially  conducive  to  security  and  efficiency,  and  are. 
strongly  advised. 

Installations  Should  be  Accessible. — In  laying  out  an  installa- 
tion, except  for  constant  current  systems,  every  reasonable  effort 
should  be  made  to  secure  distribution  centers  located  in  easily 
accessible  places,  [at  \yhich  points  the  cutouts  and  switches^  con- 
troUing  the  several  branch  circuits  can  be  grouped  for  convenience 
and  safety  of  operation.  The  load  should  be  divided  as  evenly  as 
possible  among  the  branches,  and  all  complic^ited  and  unnecessary 
wiring  avoided. 

The  use  of  wire^ways  for  rendering  concealed  wiring  perma- 
nently accessible  is  most  heartily  endorsed  and  recommended;  and 
this  method  of  accessible  concealed  construction  is  advised  for 
general  use. 

Architects  are  urged,  when  drawing  plans  and  specifications,  to 
make  provision  for  the  channeling  and  pocketing  of  bdildings  for 
electric  light  or  power  wires,  and  also  for  telephone,  district  mes- 
senger and  other  signaling  system  wiring. 

Although  not  obligatory  by  the  code,  it  is  best  to  niake  any., 
extensive  installation  entirely  in  conduit.  In  many  of  the  codes 
adopted  by '  municipalities,  it  is  required  th^t  all  wiring  in  certain 
classes  of  buildings  or  within  the  fire  limits  be  entirely  in  conduit. 
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SUGGESTIONS  FOR  PROTECTION  AGAINST 
LIGHTNING* 

Protection  against  lightning  is  usually  advisable  on  country  buildings,  on 
isolated  buildings,  and  ott  all  buildings  wherever  located  haviiig  elevated 
features  such  as  tall  chimneys,  steeples,  high  peaked  ot  geibte  fo«fs  nhd  fla^ 
poles. 

Since  the  amount  of  protection  which  any  bu«ldiag  should  iave  will 
depend  upon  its  location,  construction,  nature  of  its.  occupancy,  and  the 
value  of  the  building  as  compared  with  the  exp^nst  hc^^ssary  to  provide 
the  protection:,  definite  rules  onttnot  be  laid  doW*  Ut  ike  itidt^llilkm  df 
lightning  conductors,  but  the  following  general  stiggestiotts  9houId,  if  cttlried 
out,  give  under  most  conditions,  reasonable   protection. 

The  ordinary  condition  causing  a  lightning  discbarge  is  a  cloud  charged 
w*tfa  electricity  at  a  greatly  different  potential  from  that  of  the  earth;  The 
diffeKence  of  potential  is  finally  sfsfiiciait  to  *'  hrekk  dbwh  **  tli«  rttatluu  of 
air  betwefen  earth  and  ctoud,  and  an  electrical  -dtscharge  takes  place*  Tlie 
resistance  of  the  air  stratum  being  generally  lees  ..between  cloud  and  tops  of 
buildings  and  other  structures  than  between  cfoud  and  .  eaiih,  such  ^iigh 
points  take  the  discharge,  and  unless  some  less  resistive  path  Id  provided 
fnotn  tlw^e  'poiftts  to  tlife  gktnmd  thail  tht  str«cttiM  to  be  p#dte^ted»  the 
Hghtiiing  .will  fottew  the  oext  best  course  to  earthy  gienerally  eaustAf  damage 
to  the  structure  and  frequently  starting  a  6re. 

It  is  also  of  importance  to  note  that  the  discharge  leaves  a  colimin  of 
heated  air  between  earth  zti^  cloud.  This  hot  aii*  ctflumii  may  tt  bld^ 
ia  tne  or  anoliher  dirtectidti  and  very  likely  becottiife  th6  ^^tH  of  a  seno^ild 
discluirge,  eioce  it  has  less  resiataiice  thah  the  surrtnitudtag  cooler  tAu  This 
may  account  for  lightning  striking  a  structure  below  the  high.  ■  points. 

It  is  therefore  desirable  to  so  locate  the  conductors  forming  the  lightning 
protection  that  the  lightning  will  strike  these  and  be  carried  to  tatilh  Instead 
of  iearittg  thrduf^  the  stmcture  oA  its  v^ay  to  the  i^rtfnhd.  Stieh  ^ett  artanige- 
men  of  cbaductors  8Qgg:e8ts  &»  enclosing  cage  Wiitfa  the.-  hatrn  of  course  Q(hi> 
siderably  separated.  The  idea  of  protection  is  therefore,  a  metallic,  cage  with 
air  terminal  projections  at  the  high  points  of  the  structure  and  the  whole 
protecting  cage  thoroughly^  grounded.  Just  what  material  is  employed  is 
not  of  great  imfnortance  provided  it  iias  feood  <electrkii3'  tarrying  ea^ity^  is 
strong,  cah  be:  bent  and  jointed  i^adily,  and  is  not  liable  to  hs  oerioUsly 
affected  by  corrosion.  Undoubtedly  copper  in  tape  form  or  -ordinarK  gal* 
vanized    iron    pipe   best   meets    these    conditions. 

Just  how  far  apart  the  conductors  should  be  will  depend  very  considerably 
tipon  conditioi^s,  and  no  general  rale  can  be  given  ieft  iht  nottiber  of  s<itiare 
feet  of  grtmnd  area  protected  by  one  rod  which  will  safely  to^r  oil  •oasfcs. 
Since  in  addition  to  the  high  points  the  mo«t  expoqed  parts  ;9f  &  structure 
are  the  outposts  and  projections,  extra  protection  is  needed  here,  while  a 
much  wider  spacing  of  rods  might  be  sufficient  along  the  sides  of  the  structure. 

In  general,  all-metal  buildings,  metal  chimneys  or  stacks,  need  only  to 
be  grounded. 

*  Issued  by  the  National  Board  of  Fire  Underwriters,   1913* 
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OEN'ERAL  S<U'0Qfi$TI&NS  APiE^YIiW  TO  ALL 
STRHJCTURBS 

NoTS. — £ith«r  copper  or  iron  id  satisfaetory  for  conductors.  One  advan- 
lASO  of  iron  ovtsr  copper  k  its  ibi|Eher  ^t^tog  point  but  iron  skould  not  be 
used  in  locatjLpijs  difftciUt  .of  ^access  ^hcjre  corrosion  is  lUc^ly  or  ppsaiJbl^ 
owin^  to  the  necessity  of  frequent  pa^;iting  to  guard  again3t  such  corrosion. 

a.  tCofiDiiiJCTo«jj.— *i..  Conductors  whe*  m»dje  ,ojf  copper  ito  be  sbfft^dr^wn  ia 
the  form  of  either  tape  or  stranded  cable.  Except  as  noted  befow,  the  conductor 
in  eaeh  case  %o  weigh  not  less  4lian  six  ounces  per  foot.  Wfcere  cable 
form  is  used,  no  single  copper  wire  *o  'be  468s  than  No.  12  B.  &  S.  gau^, 
while  if  4ape  form  the  thickness  to  be  no^t  less  than  3 ^$2  inch. 

With  copper  conductors  having  a  totefl  weight  of  six  ounces  per  foot, 
Mkd  ihf  «fcoye  diraeoiions,  pAc  cable  will  contain  »$  iN»>  sa  wMres  and  !the 
tape  will  be  one  inch  wide  by  3/32  ineb  thtcl^i 

W^hen  vsed  on  residences,  barns,  $tc<bk{5,  stores  and  sin»leir  butldings  w4iere 
tJie  maximum  height  of  imy  point  does  not  ^xc^qA  60  feet,  gjad  flVKeric  corrosion 
is  moi  liable  (to.  lOQcwr  >to  any  extent,  .copper  x»Hc  to  weig^  not  less  tjban 
tkree  ounces   per   foot,   no  single  ^ire  being  less  t!l|an   .64<S  diameter. 

^.  iConducitors  when  made  of  iron  to  bp  in  the  form  of  either  lieayy:  .tape 
or  pipe.  The  tApe  conductor  Ho  weig^  not  leas  lihaii  «^  ftoiunds  tpjer  foot 
a»4  'to  4)e  not  less  than  3y32  inch  thick.  If  pipe  is  «eed  the  standard  weight 
of  %'indh  pipe  would  be  rsatisfactpry.  Irop  tjpied  !in  ,atoy  fo*:m  5houl4  -b^ 
thoroughly  ^va^isfd  to  preyent  .cojrrosig^,  sin4  ;m^y  ^Iw  fee  .painted  if 
deaidred. 

Heavy  tiipe  is  s^dfied  to  guard  against  the  use  of  a  thin  sheet  w^iell 
would  be  more  easily  destroyed  by  corroakm.  'Pipe  is  specified  as  an  alteraa- 
tm  tox  tht  ^jtM»  M  it  is  jeh««p«r,  i»  readily  i<*fetiiMkfc!le.  a^d  f»ii  be  >ea«ily 
instalkid  usUg  .the  ordinary  pipe  fijtjtijc^.  The  i^ttin^p  ^oji44,  s4  wux;^,  be 
galvani^d  as  well  as  thp  pipe,  and  all  pipe  ends  and  unuse^d  outlets  on  nttijigs 
should  %e  "tigtitly  <pAiigged  in  order  to  present  the  enbranee  of  ^mcfisttfre  ^siSe 
th»e  .W(W». 

0.  cCondnctATf  to  have  .^s  4bw  ioioiU  9^  p<¥3sij^,  .thene:  to  ^,rmf(f^niQ«I|y 
and  electrically  secured  and  to  be  protected  from  corrosion^      .    . 

U  i^  es^cp-ti^l  'that  the  .con4uctojs  be  continnow*  «uj4»  the^orje;,  tUo  fewer 
the  joints  and  the  b^ter  the^e  are  ^otected  from  corrpsioti?,  the  less  chance 
of  crippling  the  protection  due  to  a  break  in  the  ponductors. 

4.  Conductors  never  to  be  insulated  but  r^o  b,e  fastened  securely  in  pjlacc, 
swtable  .allowance  bewt  ^ma4e  for  .exvansioia,,  by  .clamps  of  same  material  as 
QOSKlttctor,  ttfae  'vertkail  rods  being  carried  a  suiBcient  diatanoe  ^rom  the  iwbH 
ko  avoid  -SfuMp  'befMSs  around  projecting  masonry  or  %rick  Woilc.'  in  alH 
cases  as  straight  a  run  as  possible  should  be  provided  and  the  conductors 
should  incl,ine  downward.  The  conductors  should  never  be  run  through 
iroja  pipes. 

Sharp  bends  and  loops  in  an  upward  direction  are  liable  to  ciause  the  light- 
ning diacharge  to  leave  the  oonductois  at  these  points,  and  -as  these  aide 
flashes  may  ihe  idavgefous,  eajre  should  be  taken  tthat  .the  cond^icto^3  ishouUl 
run  as  straight  a$  possible.  Since  the  effept  of  the  lightning  discharge  in 
the  conductors  is  practically  the  same  aS  'that  produced  'by  an  alternating 
cuire^  k  ia,  obvikma  that  dbhe  eonductocs  «ho)^  not  he  run  thixsmgh  iron 
pipes  jkrhieh  wouM  tend.  ,to  icbioke  .back  ihe  dijicha;;ge  due  to  induction  in 
the   p^. 

5.  Conductors  to  be  run  as  far  as  practicablie  4roni  .interior  piping. 

if  4J^  .«w4u<;t«rs'  ^a^e  .r.v»n  «too  ne»r  ^he  iflkterior  pipe  aystpm,  >thf;re  1$  a 
chance  that  the  qischarge  may  jump  from  the  conductors  to  the  pipe,  and 
in  doing  86,  start  a  fire.  The  best  Way  to  avoid  this  is  evidently  to  freep 
the  two  a^ste«M.as  far  9|>ant  as  praotieable. 

b.  Air  Terminals. — To  be  solid,  not  less  than  %-inch  in  diaa^er  .efaoept 
on  i^id«npes»  hvm^,  aitables,  stores  <and  siqular  buildai^gs  .wheqe  they  may 
he  |of  Atthing  root  Itess  ithait  %>inch  on  fdiameter  ^wAth  wall  thickness  'not  ikas 
than  .031  indi.  Tefmiaals  'to  -esrtend  4K)t  less  than  i^  inches  shove  the 
point  protected. 
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The  distance  of  ift 'inches  s{>ecified  is  the- ininimttm  for  .feneillef  buHdings. 
On   larger  buildings   it  is  desirable   to   have   the   rods  longer. 

c.  Connections  to  Metal  Work  of  StIixJctures. — i.  All  exterior  metal 
work,  such  as  metal  roofs,  gutters,  ventilators,  railings,  chimney  hoods,  etc., 
to  be  connected  with  the  lightning  rod  system  below  the  line  of  the  metal 
work  itself  or  to  be  separately  grounded  by   regular  conductors. 

Unless  all  such  metal  work  is  well  grounded  the  discharge  is  liable  to 
jnmp  from  this  part  to  other  conducting  parts  and  possibly  set  fire  to  inter- 
vening  combustible   material. 

2..  All  interior  masses  of  metal  such  as  girders,  beams,  water  piping  and 
any  structural  iron  or  steel,  though  under  no  consideration  gas  piping^  to 
be  securely  connected  to  the  system  at  their  highest  and  lowest  points,  the 
connecting   bonds   being  the   regular   conductor. 

This  suggestion  is  made  for  the  same  reasons  as  that  regarding  eicterior 
metal   work.      (See  Section   c-5   preceding.) 

The  electrical  resistance  of  pipe  joints  may  occasionally  be  sufficient  to 
permit  a  high  voltage  current  melting  the  pipe  at  that  point,  which  would 
be  especially  dan^jerous  in  case  of  gas  pipes,  for  the  arc  would  probably 
at  the  same  time  ignite  the  escaping  gas.     The  same  result  might  be  obtained 

nd  (    ' 


by  arcing  between  the  gas  pipe  and  other  conductors  which  might  be  carrying 
a  lightning  discharge.  It  is  therefore  best  not  to  connect  gas  piping  to  the 
lightning   rod   system,    as  this   might  be    the   means   of   leading  the    discharge 


It,  however,  would  be  advisable  to  securely  bond  around  the  gas  meter 
the  iron  pipe  on  both  side&  of  the  meter,  being  careful  to  make  secure  elec- 
trical connections  between  the  pipe  and  the  bond. 

Note. — A  permanent  and  reliable  ground  is  absolutely  essential,  and  by 
far  the  best  ground  can  usually  be  secured  by  connection  to  underground 
metallic  water  piling.  When  this  is  impracticable,  ground  plates,  driven 
pipes,    or   the   equivalent   are    recommended. 

d.  Grounding.— I.  Connection  to  piping  to  be  made  preferably  by  soldering 
the  conductor  irito  a  brass  plug  and  forcibly  screwing  the  plug  into  the  pipe 
fitting,  or,  when  .  the  pipes  are  cast  iron,  into  a  hole  tapped  into  the  pipe 
itself;  or,  by  sweating  the  conductor  into  a  lug  attached  to  an  approveil 
clamp  and  firmly  bolting  the  clamp  to  the  pipe  after  the  rttst  add  Scales 
have  been   removed.  '  . 

In  the  case  of  a  farm  building  having  a  well  outside  and  a  pump  suction 
pipe  running  to  the  building,  a  reasonably  good  ground  may  be  obtained  by 
connecting  the  conductor  to  the  pipe,  provided  the  pipe  at  some  point  is  in 
earth  below  permanent  moisture  level. 

Thie  idela  is  to  get  as  good  and  permanent  connection  to  the  undergrotmd 
piping'  as  possible,  and  one  that  will  best-  withstand  the  effects  6f  corrosion. 
'It  is  desirable  to  connect  to  two  or  more  lengths  of  pipe  in  order  to  guard 
against  crippling  the  protection  by  injury  to  or  deterioration  of  a  single 
connection.  ,  ^ 

2.  Connection  to  ground  plates  to  be  made  by  riveting  and  soldering,  and 
t^e  connectioQ  to  be  thoroughly  protected  against  corrosion  by  painting.  The 
ground  plates  to  be  of  copper  and  not  less  than  No.  16  Stubb  gage  about 
S  feet  square  and  buried  below  the  permanent  moisture  level  with  about 
two   feet   of   crushed   coke   or  charcoal   above   ahd   below  it 

A  heavy  iron  casting  having  a  superficial  afea  of  at  least  12  square  feet 
could  be  Used  in  place  of  the  plate.  The  conductor  should  be  connected  to 
the  casting  by  riveting  and  soldering,  and  the  casting  buried  the  same  as 
the  ground  plate  above  described. 

3.  Connection  to  driven  pipe  to  be  made  by  soldering  the  conductor  Into 
a  V^ss  plug  and  forcibly  screwing  the  plyg  into  a  coupling  on.  the  upper 
end  of  the  pipe.  The  lower  end  of  the  pipe  to  be  well  bek>w  permanent 
moisture  level. 

A  ground  plate  or  a  driven  pipe  properly  put  into  the  ground  is  un- 
doubtedly the  most  satisfactory  alternative  for  the  underground '  water  pipe 
tyttem»  but  id  not  advised  where  the  pipe  system  ground  is  Available. 
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TALL  CHIMNEYS,  STACKS,  STEEPLES  AND  SIMILAR 
STRUCTURES 

a.  Two  or  more  main  lightning  rods  equally  spaced  about  the  structure 
to  be  provided,  extending  from  the  top  by  the  most  -direct  course  to  the 
ground. 

The  proper  number  of  rods  in  any  given  case  wiU  vary  somewhat  with 
the  conditions.  For  example,  a  flag  pole  would  not  require  more  than  one 
rod,  while  chimneys  150  feet  v^r  more  high  should  have  one  rod  for  each 
"  so  feet  of  height.  The  higher  the  chimney  the  greater  the^  cross  sectional 
area  at  any  given  distance  from  the  ground,  and  the  additional  rods  are 
desired  in  order  not  to  expose  too  great  an  unprotected  vertical  area  to  a 
discharge, 

b.  To  have  a  band  of  copper  or  iron  not  smaller  than  the  lightning  rods 
around  the  top  with  air  terminals  securely  attached  thereto  extending  3 
feet  above  the  highest  point.  The  air  terminals  to  be  placed  at  intervals 
not   exceeding  4   to   6   feet   around  the   circumference   of  the   band. 

c  Additional  bands  to  be  provided  around  the  structure  at  or  near  the 
ground  line  and  at  intervals  of  25  to  50  feet,  all  such  bands  being  securely 
connected   to   the   lightning  rods. 

In  the  same  way  that  additional  vertical  rpds  reduce  the  size  of  the  un- 
protected vertical  areas,  these  additional  bands  limit  these  areas  horizontally. 
The  bands  also  serve  to  connect  the  rods  together  at  frequent  intervals,  so 
that  an  accidental  break  in  one  rod  is  not  liable  to  be  as  serious  as  might 
otherwise  be  the  case.  In  other  words,  the  vertical  rods  are  thus  made  to 
connect    in   combination    rather   than    separately. 

STRUCTURES   OTHER   THAN   CHIMNEYS,   STEEPLES 

ETC. 

a.  Two  or  more  lightning  rods  should  be  provided  extending  from  the 
top  by  the  most  direct  course  to  the  ground,  so  spaced  that  they  will  not 
be  over  50  to   75   feet  apart. 

The  proper  number  of  rods  and  their  exact  spacing  will  depend  very 
largely  upon  tl^  conditions,  such  as  shape  of  structure,  the  exposure  with 
reference  to  ^oth  severity  of  lightning  storms  and  direction  from  which 
these  storms  usually  come.  In  general  the  most  exposed  parts  of  a  structure 
are  the  outposts  and  projections,  and  here  it  would  be  advisable  to  place  the 
rods  somewhat  Marer  together  than  along  the  sides  of  the  structure.  In 
general  it  would  Viot  be  advisable  to  carry  the  rods  through  the  center  of  a 
structure,  for  if  for  any  reason  it  becomes  broken  It  would  be  the  direct 
means  of  carrying  the  lightning  to  a  point  inside  the  structure  where  i^ 
would    be    almost    sure    to    set   fire. 

b.  Horizontal  conductors  to  be  provided  connecting  the  vertical  rods  along 
the   ridge   or  any  suitable  position   on  the   roof  and  at   or  near   the    ground. 

The  horizontal  bonding  of  the  vertical  conductors  is  desirable  for  much 
the  same  reasons  as  given  for  the  horizontal  bands  arounds  chimneys,  and 
these  horizontal  conductor^  serve  to  tie  the  system  together,  thus  carrying 
out  the  idea  of  a  protecting  cage.  It  is  considered  important  that  at  least 
the  upper  and  lower  ends  of  the  vertical  rods  be  thus  connected,  and  in 
general  intermediate  bonding  would  not  be  necessary  except  possibly  for  very 
high  structures. 

c.  The  upper  horizontal  conductor  should  be  provided  with  air  terminals 
at  intervals  of  20  to.  30  feet,  and  in  addition,  air  terminals  connected  with 
the  horizontal  conductor  to  be  provided  for  gables  or  other  projections  above 
the  top  of  the  main  structure.  Air  terminals  should  in  all  cases  extend 
well   above   roofs  or  chimneys  and  be  firmly   secured  in   an   upright  position. 

Air  terminals  assist  in  diverting  the  lightning  discharge  to  the  lightning 
rod  system,  and  therefore  it  is  an  advantage  to  have  them  placed;  at  fairly 
frequent  intervals. 

d.  Where  trees  stand  so  close  to  a  building  "that  branches  joveihang  or 
approach    very    close    to    tbe    roof,    a    conductor    with    proper  /  eaS-Q^Q-imnal 
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^, extend  afgng  tile  tr^k  <yf  eadi  of  s^^sd  «tt|H;i  trees  to  ihe  lushest  >braach 
top  fastened  by  a  band  around  .tbp  bxajocb  or  trunk,  would  probably  give  all 
necessary  protection  under  average  conditions.  It,  however,  would  be  ad- 
yiaable  to  conneett  tbeae  rods  together  at  tke  bottodu  by  a  substantial  cx)n- 
4uctor  iMd  under  gjwund.  i 

Care  should  be  taken  to  protect  as  far  as  possible  this  underground!  bond 
coAnection  against  jcorrosion.  Probably  wejy[-galva,ni«ed  %-inch  iron  pipe,  or 
coRpex    in   tape   ;fonn,   would   best   serve  the    purpose. 

T^e  abave  method  miigfct  ibe  used  for  the  protection  oi  ti)e;e8  whjerever 
located. 
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PYROXYLIN   PLASTICS  OR   NITRO 
CELLULOSE 

WhM  is  Nhr»»G4idlu];«)Be?r^To  the  ptiblic  tht  mnte  celtaioid  is^ 
gen<eraliy  thought  Cd  inclode  all  pyroxylin  phtstks  and  even  in  ofiidM 
pxiblkaticinsf  of'  the  British  GSoYemni^nt,  the  generzd  term  &f  celltAoidi 
is  used;  this  howevter  h  a  tfftde  nanve  of  the  fKroduot  df  «  sinigte 
firm  and  foF  thifr  reason:  it  wiU'  not  be  used  in  this  book. 

Commercial  pyroxylin  plastic,  ceasists  essentiaMy  ol  gelatiniseid 
nitro-celkilose  and  eampbor  m  proportions  usually  varying  fron» 
70  to  75  per  eent  of  tk^  former  and  30  to  25  per  cent  of  the  latter. 
The  pr<0p^rtioa  of  nitjFO-cellulose  in  motion  p^ii^ture  films  ranges. 
Ir-om  80  to  90  per  eeart*  la  addition  to  the  essential  constituents 
Ihete  are  frequently  coloring  or  mineral  matters. 

H&  Pvo^eftdiMr-^The  plastic  posisesses  properties  which  itender  it 
sttitaUe  for  a  great  vari&ty  of  purposesv  It  is  haird,  tough,  ao^ 
eU»tiC|  and  under  the  imAuetice  of  heat  it  is  capable  of  beings 
moulded  into  shapes  wkkh-  it  retaitis  on  cooling.  It  is  unaffeeted 
by  water.  It  can  be  prepare  in  thin  transpai^ent.aheetsy.and  by 
the  addition!  of  sukable  coik>ri$Yg  matters  can  be  made  of  the  mofit< 
varfed  tint*.  It  ca»  aUo  be  used  in^  solution  with  alcohoil  sted  ether 
as-  an  adhe»ve  lacquer  oar  varni^,  when  a  very  durable  protective 
coating  is  obtained  t 

Inflbmniftbility/^It  possesses  however  the  serious  defect  orf  bein# 
highly  infflamlnabk,  will  i|^tte  vefry  readily^  atnd  bumi  witfor  grent 
rapidity^  and  fierceness.  Moreover,  in  certain  circumstanoes  it  may. 
ignite  without  the  direct  amplication  of  fiartte.  The  igBsition  of  a; 
filnak  in  a  mottoft  picture  machine  is  A'  famihar  occurrence,  and 
cases  have  been  recorded  of  the  igniftoti  of  airticles  in  shop  win- 
dows by  the  accidental  focussing  of  the  sun's  rays  upon  them. 
As  other  examples  of  the  effect  of  radiant  heat,  mention  may  be 
made  of  cases  in  which  contact  with  electric  light  bulbs  and  steam 
radiators  has  caused  ignition. 

If  submitted  to  a  moderately  elevated  temperature  for  a  consid- 
erable time  it  suddenly  decomposes  with  the  evolution  of  con- 
siderable heat  and  the  emission  of  large  volumes  of  carbon, 
monoxide  and  nitric  oxide,  both  of  which  are  highly  poisonous, 
and  of  gaseous  decomposition  products  of  camphor  and  a  small 
proportion  of  other  gases,  including  hydrocyanic  ac;d  (prussic 
acid).     The  fumes  are  very  inflammable  and,  when  mixed  with  a 
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suitable  quantity  of  air,  are  highly  explosive.  The  quantity  of 
hydrocyanic  acid  in  the  fumes  is  small,  and  cannot  be  regarded 
as  a  serious  danger.  With  inferior  plastics  in  certain  circum- 
stances thii  decomposition  will  take  place  at,  or  even  below  the 
temperature  of  boiling  water  (212°  F.),  and  comparatively  few 
grades  can  withstand  a  temperature  of  300°  F.  At  this  tempera- 
ture ordinary  inflammable:  substances  are  generally  unaffected. 
Although  there  is  a  considerable  difference  in  the  stability  to  heat 
iji  different  makes  or  brands,  in  practice  this  is  not  sufficient  to 
justify  a 'distinction  being  drawn  between  them. 

Dangerous  Qualities.r—One  of  the  peculiar  dangers  of  pyroxylin 
piastic  is-  that,  in  itself,  it  contains  sufficient  oxygen  to  support 
its  own  (iombustion,  and  once  ignited  will  continue  to  burn  in  the 
absence  of  air,  although  without  flame.  For  this  reason  a  fire 
cannot  be  extinguished  by  excluding  air  in  the  same  manner  as 
an  ordinary  fire.  Chemical  fire  extinguishers,  therefore,  which 
depend  on  a  blankieting  by  gas,  are  of  little  use;  although  they 
may  extinguish  the  flame  they  willnot  stop  the  combustion.  Hav- 
ing regard  to  the  fact  that  two  3f  the  three  conditions  necessary 
for  combustion  are  actually  present,  it  follows  that  the  only  way 
to  extinguish  burning  plastic  is  to  eliminate  the  third  essential 
condition  by  reducing  the  temjierature  below  that  at  which  com- 
bustion can  be  maintained.  The  simplest  and  only  really  practical 
means  of  doing  this  is  by  the  application  of  water,  and  therefore 
all  places  in  which  pyroxylin  plastic  is  handled  or  stored,  a  com- 
plete automatic  sprinkler  system  is  very  necessary.  It  is*  true 
that,  under  certain  conditions,  it  will  burn  undet"  •  water  for  a 
short  time,  but  the  temperature  is  speedily  reduced  by  the  water 
below  that  which  is  necessary  for  the  maintenance  of  combtlstipn. 
If  sand  is  used,  although  the  flame  maV  be  temporarily  extinguished, 
the  plastic  will  continue  decomposing  and  emitting*  gases  which 
will  ignite  on  contact  with  flame. 

Extinction  of  Fire  Difficult. — Should  a  substantial  quantity  get 
alight,  the  extinction  of  the  fire  may  become  a  matter  of  extreme 
difficulty,  and  even  sprinklers  may  fail  to  save  the  building.  In 
tests  made  in  New  York,  50  pounds  of  pyroxylin  plastic  resulted 
in  flames  of  intense  heat  12  to  15  feet  in  extent.  A  fire  in  which 
a  large  quantity  is  involved  is  of  a  specially  dangerous  character 
owing  to  the  density  and  poisonous  nature  of  the  fumes,  which 
render  it  difficult  for  the  firemen  to  approach  the  scat  of  the  fire. 
The  rapidity  with  which  the  fite  spreads  renders  its  isolation 'an 
exceptionally  arduous  task.  When  well  alight,  great  jets  of  flame 
are  shot  out,  and  the  risk  to  adjacent  buildings,  even  if  they  are 
not  actually  adjoining,  is  thus  greater  than  y^Mlib^^^&^iU  ^^^' 
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The.  opinion  sometimes  expressed  that  pjrroxylin  plastic  is.  liable 
to  spontaneous  ignition  at  ordinary  temperatures  appear  erroneous 
nor  is  it  explosive  in  ordinary  circumstance.  There  has  been  how- 
ever, e^fplosions  of  the  gases  evolved  from  decomposition,  and,  as 
is  the  case  of.  many  other  substances,  the  dust  is.  liable  to  cailse 
explosion. 

Safer  Substitutes.— Various  attempts  have  been  made  to  neu-- 
tralize  the  inflammability  of  this  plastic,  but  so  far  as  can  be  ascer- 
tained it  has  not  been  found  possible  to  reduce  the  inflammability 
to  any  great  extent  without  sacrificing  some-  oi  the  properties  on 
which  its  commercial  value  depends.  Greater  success  ha^  attended 
the  efforts  to.  find  a  total  substitute,  several  of  which  are  on  the 
market:  The  Underwriters*  Laboratories  have  recently  approved* 
three  makes  of  motion  picture  film,  aU  of  which  are  acetfeite  celkl-^ 
lose  compounds;  these  by  tefet  were  Shown  to  have  a  leSs  fire  hazard 
than  paper  or  pasteboard  of  equal  thidcness. 

The  articles  most  likely  to  cause  accident  are  those  worn  on 
the  person,  such  as  combs,  hairpins,  cuffs,  and  collar^,;  and  ^it 
would  appear  from  the  list  of  accidents  of  which  there  are  records^, 
that  the  majority,  of  the  serious  acciden,ts  which  have  Occurred 
have  been  due, to  the  ignition  of  articles  of  this  description.  ;:iln 
general ,  they  should  not  be  soI,d  without  some^  clear  indication  of 
their  nature  being  given,  by  distinctly  marking  or  labeling,  the; 
articles  with  the  words  "  danger,  inflammable."  i.: 

Storage.^ — ^Acci^dents  in  stores,  bo^ih  wholesale  and  retail,  h»ve. 
been  very  rare,  land-  the  dsmger  of  a-  fire  arising  owing  to  the- 
presence  of  such  articles  is  remote,  if  ordinary  precautions  are 
observed.  The  bulk  of  the  articles  arc?  necessarily  kept  in  packages, 
and  the  main  stock  is  kept  in  the  drawers  or  shelves  of  the  shop 
or  in  a  stock  room.  However,  any  large  storage  of  pyroxylin 
-plastic  is  a. very  distinct  hazard,  because  of  the  intense  heat„  liapid 
combustion  and,,  difficulty  in  extinguishing.  •  : 

•  Danger  in  Factories. — In  factories  the  greatest  danger  is  due 
to  the!  creation  of  waste  and  the:  large,  amoiunti  usually  out  on 
tablesi  etcy  waiting  to  be  worked; on.  Waste  shouid  not  be  allowed 
to  accumulaibe  on  the  floor,  but  should  be  oc^lected  from  time- to 
time  (if  possible  as  it  is  created)  in  suitable  waste  cans,  kept 
partly  filled  with  waten.  (For  description,  see  page  224.)  At  the 
end  of  the  day  it  should  be  removed  from  the  workrooms  and 
placed  in  metal  boxes  provided  with  lids  and  marked  "Dangerous." 
It  should  not  be  stored  in  sacks.  Owing  to  the.  fact  that  a  com- 
mercial value  now  attaches  to  waste,  greater  care  is.  taken  for  its 
safe  preservation  than  was  formerly  the  ca'se. 

Saws  .should  run  in  water  and  all  machines  whicifi^^^#l9^'> a' 


mg.  intowater,    ,  ■ 

Tbfe  amotfttt  in:  tfii^  \WOPkr«K>ms  Erhovtd-  be  Hmitedi  as  far  as  p^- 
sables  andi  sh^iyiild  ki  lix)  cas<t  exceed  one  day%  i'eqtuvem^tSi 

i^U'Stock^  either  r»#  ot  iis  ptB&ssi'  ot  matHT^Mtut^,  ^iouhii  be 
kept  in  small  self-closing  cans,  preferably  of  a  material  rallher  kw 
in  conductivity,  sweh  as  nfcldeA  asbestos^  boards,  hoWittg  not  over!  25 
patiBfds,  and  fini^hetJ  goods  shotddl  berbmteved-  witb.all  dftfe  diligeticej 

^^h^  great  in^amfnafbiUtjF.  o£  .pyro^liia :  plastic  ra<|iiife»  e39tr<ai 
SAiegtiavi(»<  wheife  h  is-  present  in  comsidrtriable  qttallttt3^  I»  the 
ftres  *hat  hafve  occurred  where  it  ki  beiaig.  wWktdi,.  ttst>a%  lilolile 
ofM3  fe  seriortstyf  btWHeid  even  if  ade<matfe  exit  facilities  are  pro*^ 
videdv  To  pwvent  tbc  spread  of  fire  from  o^ie  Work  bench  or 
n>9JChine  to  another  tfach'  should  be  set  off  by  an  incoftibustible 
sicreen  or  partiltien  esdtending  about  .2  f«et  On  all  sidea^ 

The  work  people  should  b*  instructed-  asi  to  tbe  steps'  to  be  t^oefr 
in  case  of  fii5eL.  ^ 

Slnokiiifi^S'aiiid  Lightsr  lI>«ngeirotift«— Smokifi^  smd  the  itftvodcfttkiVii 
of  fmatdies^  inio  the  workfoo^^^  d&ould  ha  j^rdhibtned. 

0H<^'  lights  and  files'  are  a  fiotitfee  of  danger,  iiid  f he  re^uifei- 
tti^nt  tivat  sH  Ughitifjg  be  from  ixieandefi<!enit  ekctric  lighis  ^hotitd' 
be  6«ri^tty  adhered  to.  It  h  itfadvisttble*  to'  alfew.  filai^c  t© 
retkiaiH'  ib  contact  triHh  sources  Of  he^.  The  use*  of  ^PiA»^  want 
and  soldering  should  b«  avoided  as  ii^  tts  pos'Siti^e  ;!^  il  mith  i^t^* 
ttotts^  al-e:  nec^ssary^  thc^.  sho«ild>  be  performed  wilft  aH  thv  prec^- 
tiotis  possible,  to  pfevent  conFtaot  with  beated  tbdls  or  direct  'flame. 

There  should  be  ad*<jiiate  meana  oi  escApe,.  not.fml^.  from  the. 

room,  but  fvom  each  workings  place;  gangWa^s^  t^ittfeagf^B  and  stmit-^ 

V  casein  should,  be  0£  ^B&dent  breadth  and  be  kept  free  fdrom<  obStrUO' 

■  tton^;,  doors  ahotikb  open  otitWiards. . 

^t^gtUiMBi^l^  geiferal  t^  "Sfor^e  md  han^ng  iih6\M  be  in 

one  story  buildings,   and  extettsfve   sttfrag^  $^b«ld'  tee  ^fohll^ited^ 

inside   a  buihling.     Where;  possfihle   only  sraoH  vsMlts  or  srpccial 

huiidings  should  be  tmsed  for  stbrage  land  these  should  be;  vrell  allvay 

flron»  othei^  btrildihigs- or  adj'acent'  to  Maak  waits.    .Stthstanttal  roof: 

houses  are  we4I  adal^ed  for  storage^  as  eliminattng  thik  exposure 

htteard. 

Ver^  extensive  vent  oponiftgs  are  necessary  to  ptevcnit  ejtcessivc 
pivessure  inside  the  plaer  of  storage  in  case'  pyrox^^in  plastic  is 
ignited  or  decomposes,  and  sudi  v^ntfs  must-  be  so  arranged  als 
not  to  expose  other  property. 

hi  general  storage  should  fol^k>w  the  regti)an)k)ns>  covening  Nitra*- 
Cellulose  Motion  Picture  FUtivi  hsv»d  fey  the  Natiotra)-  Board  of 
Fire  Ulnrder writers,  which  awre  as  fcyHowd:  r    a^^^i^ 
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8rrOHA>GB  OP  PYROXVUN  FLA8TKD   OR  NITRO- 
cetLULOSEJ  4>TCTtJKE  FILMS» 

Niftro^eUulofie  motion  picttire  ftlm^^  should:  preferaMy  be  stored  in  a 
MiM^rate  builcltng  or:.v9»ultt  i»at  eKpoa^^  olhe«  prq^erty'  or  oecupaaey;  U  a 
lk»»ted  qfiantit/  is  ^rttitted.  ti^  af  iMwlding,  with  otker  ooeupaney,.  er  In  aft 
eiipcteed  bui)«Kiig».  if  vivk9t  be  i«  stafidard  five^rooi  vaults,  safes  cm*  eabiaeta. 

I.  FiLu  Re£LS.-^£oo1|  teek  of<  fUn  abidl  bb  kept  u»  a  serrate  motal<  box 
with    tiglht-littiitg  eovery  extept    wben    in    uae. 

NoTBb— ^A<  reel  o^dinarUy  c<Hiteina  i^o€k>  feet  of  fiktf  i  ii^aa  inchea  wide^ 
and  weighs  aboitf  S  poCMlda;  diameter  oi  reel  is  apprMiinHAely   ic  mehes. 

4j  VMSi/rav^Vfhtvt'  the  maxiaitim  degree  of .  pretection  fo«  valuable  ftlms 
is  Che  ptfimftry  oon'sideratl^n,  vaults  shi^l  be  ooilstfvieted  according  to  wr 
(|H»reaicttita  for.  Clasa  *'A"  y4u)ta^  Tbia.  type  of  vaioN  mvo]>ves  massive 
edfistrftetioA  deaigned  to,  resist  long  eotftinued!  fi«e,  impact  of  falling  bodies* 
and  aftaek-by'  btnglara  <ini  so  far  aa  this  feature  can  properly  he  incor- 
porated   in    these    specifications). 

.Wkerc    tW^  primary    eonsideration    ia   ta   mi^^ite    the    fine    baxard    in    a 
bmildiifg  ineiden<t  tj9  the  fiflm**  theretn^i  vaulls  shall  be  eonetr-ucted  m  aceord- 
antoe  with;. the  requirealents  for  Glaca-  "A,"  "B"  or  "G"  vaults. 
.  See  specifications  fotf  vaults^  P(i8e  4$!^* 

No  Oflfte  vaiile  or  eompartesent  shall  exceed  in  swe  7^0  cubic  feet< 

To  proveitt  4bftermAlly  high  temperhtore  wittiin'tl*e  vault,-  glass  windows 
and  skylights  sfaofild  be  avoided;,  likewise  proaihnity  to  boileir  stacks  and 
siitoilar  soncroea  of  heaCi . 

AutomMic    sprinklers    should    be    installed    kiaidte    each    vault. 

Yattlta  not  ejteeedihif  the  sice  and  eapaett^  specified  below  for  safes  and 
cabinetfr  will  be  ccmsidei^ ;  satif»f aotory  if  of  ekltiivalent  strength  and  insula- 
tio*  tO"  thai  re^uimfd  £of  safes  and  cabinets. 

EdUoi^**  Note.-*-Ifi  a-  test  made  of  a  vauH  hoklin^  approximately^ 
a.  ton  oil  fihn^-  a  temperatore  ovej  1000°  F.  was  obtained.  AHhougb 
nearly  all  t^e  filrtis  werei- in  the  usaall  metal  oontainer^  the  entire 
contents  of  the  vaalt  btsrkwd  hn  lesis  than  3  mkfiutes.  Flames  Extended 
fbpough  the  vetit  ff^tnmg  proridefd  fier  a  distance  oi  about  7$ 
feet;  FfOtnr  this  and  itom  actual  fiitts>  k  is  evident  that  such  fires 
are  of  great  fierci^iiess  and  rehire  a  good  class  of  construction. 
The  time  intenral  before  the  cOUteiits  Site  destroyed  is  so  shoftt 
fbat  exeept  fov  pcrieet  tightness^,  to  prevent  the  escape  of  gas,, 
there  is  little  needi  fG>r  especially  strong  or  thick  yaulls.  The  low 
point  c^  decompositfon,  abotft  300^  F.^  reQttire»  a  good  f-orm  <yf 
eontiEkinep  to  g^revedt  igliitiofi  from  an  ou1isi«le  fire»  especially  if 
setlleiment  of  the  floors'  or  a  streattn  of  water  playdi^  on  thie  vault 
may  result  in  cracked  walls.  Because  of  these  eonditiona,  it  is 
e^dent  that  a  titter  form  of  vattk  would  be  (Satisfactory  whcfre 
the  vault  was  not  exposed ;  for  yar<i  vaults  or  vauHs  &n  roofs  of 
fireproof  buildings,  the  latter  of  which  should  be  a  very  acceptable 
location  in  city  plants^  there  does  not  appear  to  be;  any  reason  why 
a  6-inch  tile  or  4-inch  concrete  waU  is  not  satisfactory. 

3,  Safes. — Size  not  ^o  exceed  150  cubio  feet.  Safea  shall  have  an  angle 
iron  frame  at  least  ^  x  H  x  2  .  inches  and  continuous  at  all  ed^es.  On 
safes  larger  than  40  inches  l?igb,  30  inches  wide,  and  30  inches  deep,  an 
additioi^al  stiffening  of  heavy  steel  at  least  ^-inch  thic)c,  and  of  width  pro- 
portioned to  size»  but  never  less  than  2  inches,  shall  be  used  at  top«  bottom 
and   sides.      Sheet   steel   plates   shall   be   not   less   than   No.    12    U.    S.    gauge 
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for  the  outer  shell  and  *tiA%  less  t^n  No.  14  for  the .  inner  shell.  ..  Filling 
to  be  of  cement  concrete  .or  its  equivalent  not  less  than  5^  inches  thick, 
except  that  the  doors  may  have  at  least  4  inches'  of  concrete  with  a  sealed 
air  space  for  the  lock  and  bolts.  Door  shall  have  stepp«ed  sides  so  as  to  be 
sraokeproof.  No  cast  iron  to  be  used  in  the  construction  of  the  safe,  except 
such  parts  as  casters,  hinges  and  flanged  door  frames.  Other  coiitainers 
of  no  more  than  150  cubic  feet  capacity  and  approved  as  the  equivalent 
of   above   described   safes   may   be   accepted   in   l4eu   thereof. 

4.  Cabinets. — ^Two  hundred"  reels  of  film  Weighing  not  mo;:e  than  one 
thousand  pounds  in  the  aggregate  may  be  stored  in  cabinets,  but  no  one 
cabinet  shall  contain  more  than  50  reels  (250  pounds).  When  two  or  more 
cabinets  are  used  they  shall  be  in  a  separate  room  with  outside  ventilation 
and  enclosed  by  fireproof  partitions  with  fire  doors  '  of  the  vertical  shaft 
type  at  communications.  There  shall  be  at  least  10  feet  clear  space  between 
cabinets  unless  an  incombustible  sHieM  is  provided  at  each  side  of  each 
cabinet  extending  2  feet  beyond  Cabinet  in  all  directions,  in  which  case 
the   distance    between   cabinets  may   be   only  4    feet. 

Cabinets  shall  be  tightly  enclosed  and  may  be  made  of  suitably  stiffened 
sheet  iron  at  least  No.  18  U.  S.  gauge  in  thickness,  double  walled  with 
1%  itich  of  air  space;  dcvors  shall  be  constructed  equivalent  to  walte  of  the 
cabinet,   shall  be   self-closing,   fit  closely  and   be  kept  locked. 

Other  containers  having  a  capacity  not  exceeding  50  reels  of  film  each  and 
approved  as  the  equivalent  of  the  cabinets  may   be   accepted   in   lieu  thereof. 

5.  Pressure  Relief  for  Vaults,  Safes  and  Cabinets.— Each  container  for 
film  storage  shall  be  provided  with  a  pressure  relief  vent  opening  to  the 
outside  of  the  building,  directly  through  an  exterior  wall,  or  through  a 
separate  stack  with  walls  of  reinforced  concrete  or  brick  >  at  least  s  inches 
thick  and  shielded  at  top.  The  effective  sectional  area  of  the  opening  shall 
be  at  least  70  square  inches  for  each  100  reels  (300  pounds)  of  film  capacity. 
The  capacity  of.  vaults  sfaaU  be  rated  at  [three  reels  per  foot  of  cubical  con- 
tents ;  the  capacity  of  safes  and  cabinets,  or  small  vaults  without  aisle  space, 
shall  be  rated  at  six  reels  per  foot  of  cubical  contents;  Reels  shSdl  not 
be  placed  near  enough  to  vent  opening  to  1  reduce  its  effective  area^  A 
permanent  guard  shall  be  installed  to  prevent  films  'from  being  forced 
against  the  vent  openings  of  sn^all  containers.  In  fireproof  buildings  hori- 
zontal ducts  may  be  permitted  to  connect  the  .relief  openings  ■  in  vault 
separately  to  the  outside  of  the  building,  provided  -the  walls  are  made'  of 
solid  niasonry  at  least  5'  inches  thick  and  securely  supported.  A  riveted 
sheet  nietal  pipe  of  at  least  No.  18  U.  S.  gage  in  thickness  may  be  per- 
mitted to  separately  connect  the  vent  opening  of  each  cabinet  to  the  outside 
of  the  building,  provided  the  pipe  is  covered  with  at  least  i  inch  of 
approved  heat  insulating  material.  Such  pipes  shaili  not  be  nearer  than  9 
inches  to  combustible  material.  ' 

Each  pressure  relief  vent  shall  be  protected  against  the  weather  by  thin 
glass  (i/i 6-inch  thick)  painted  a  dark  color  or  by  other  incombustible  -  fragile 
material  in  a  sash  arranged  to  open  automatically  in  case  of  fire  by  the 
use  of  a  fusible  link  ot  thermostat  placed  inside  the' film  contaiiner.  The 
effective  sectional  area  of  the  vent  opening  shall  correspond  with  the  actual 
area  of  the  glass.  No  pane  of  glass  to  be  smaller  than  200  square  inches. 
Muntins  to  be  constructed  as  lightly  as  possible  so  as  to  break  readily. 

A  light  wire  screen,  not  coarser  than  %-inch  mesh,  shall  ilso  be-  placed 
over  each  vent  at  a  point  between  the  glass  sash  abd  the  container,  so 
arranged  as  not  to  interfere  with  the  automatic  operatidh  of  the  sash. 

The  outlet  of  each  verit  shall  be  located  at  a  point  above  the  roof.  Ex- 
ception  will  be  made  only  where  a   different  l^catign^.^^  ^t](e^0^(tj|^[^ill  not 
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expose  other  property  in  the  same  or  adjacent  huildings,  and  then  only  by 
special    permifusion    of    the    inspection    department    having    jurisdiction. 

6.  Ventilation  of  Vaults. — ^There  should  be  no  ventilation  of  vaults  other 
than  a  pressure  relief  opening,  discharging  directly  to  the  outside  of  the 
building.  Blower  S3rstems  circulating  air  iii  the  vault  are  objectionable,  even 
after   every  reasonable  safeguard   has   been  provided. 

Artificial  ventilation  of  vaults  is  sometimes  desired  in  factories  handling 
new  material  as  in  motion  picture  £lm  printing  establishments.  In  such 
cases  the  additional  fire  hazard  in  connection  with  the  ventilation  may  be 
soinewhat  reduced  if  the  intake  and  discharge  openings  in  the  vault  connect 
directly  to  the  outside  of  the  building  through  wall  or  a  flue  with  masonry 
wall^  at  least  4  inches  thick.  T|ie.  outlet  and  intake  openipgs  shall  not 
expose  or  be  exposed  by  other  property.  Only  suction  blowers  •  drawing 
air   away   from   vault   shall   be   used. 

HANDLING  OF  PYROXYLIN  PLASTIC   OR   NITRO- 
CELLULOSE  MOTION   PICTURE   FILMS* 

1.  Printing,  Deviloping,  Examining,  Repairing  and  Exchange  Rooms. — 
(a)  Shall  have  outside  ventilation  and  be  separated  from  each  other  and 
the  balance  of  the  building  by  tight  partitions  of  fire-resistive  material,  with 
fire  doors  of  the  corridor  type  at  communications,  partitions  and  transoms. 
Doors  should  contain  no  glass  other  than  wired  glass. 

(b)  Such  rooms  to  be  used'  neither  for  storage  nor  handling  of  com- 
bustible materials,  other  than  the  films.  The  furnishings  should  be  of  fire- 
resistive   material. 

(c)  The  number  of  reels  of  films  not  in  special  rooms  exposed  in  a  single 
room   at  any  one  time  shall   be  limited  to  20. 

2.  Scrap  and  Waste. — ^All  scrap  or  waste  shall  be  kept  under  water,  in  splf- 
closing  standard  metal  waste  cans  or  their  equivalent,  and  removed  from 
the  building  at  least  once  each  day  to  a  safe  location;  such  waste  to  be 
kept  separate  from  paper  waste  or  other  rubbish. 

3.  Cement. -^Any  compound  of  collodion  and  amyl  a(%tate  or  similarly 
inflammable  cements  inside  the  building  shall  be  limited  to  one  gallon,  not 
exceeding   the    quantity   required  each   day. 

4.  Motion  Picture  Machines  and  Booths. — Shall  be  safeguarded  in 
accordance  with  the  requirements  of  the  National  Electrical  Code.  The  booth 
may  be  omitted  if  the  machines  are  in  a  separate  room  Enclosed  by  incom- 
bustible partitions  with  fire  doors  of  the  corridor  type  at  communications. 

5.  Power. — Electric  motors,  if  used,  should  preferably  be  of  the  induction 
type  without  commutators,  or  if  of  the  Direct  Current  type  to  have  enclosed 
commutators.  All  switches,  rheostats,  or  other  current-controlling  devices 
must   be  enclosed  in  approved  dust-proof  and  fireproof  cabinets. 

6.  Lighting. — Shall  be  by  incandescent  electric  lights  only;  lamps,  if 
subject  to  mechanical  injury,  to  be  protected  by  approved  wire  guards. 
Entire  installation  shall  be  In  accordance  with  the  requirements  of  the 
National    Electrical    Code. 

7.  Heating. — Only  hot  air,  hot  water  or  steam  heat  shall  be  used.  The 
heating  pipes  should  be  preferably  overhead  attached  to  the  ceiling.  Steam 
and  hot  water  pipes  or  radiators,  if  on  side  'walls,  shall  be  safeguarded  by 
the  use  of  sheet  metal  or  heavy  galvanized  wire  netting  with  not  over 
^•inch  mesh  held  firmly  in  place  at  least  one  inch  from  pipes;  or  by 
covering   space    between   back   of   benches    and    walls   with .  heavy    galvanized 

♦As  adopted  by  the  N&tional  Board  of  Fire  UnderwrltersJoy VjOOQIC 


124  Fire  PrevbJ^tion  ani>  Photbcfion: 

I 

wire,  netting  with  not  ^^r  ^-i-Ath  meshv  seeHfely  stapled  to  Iwncb  and 
wall,  but  slopiiRg  so  Chat  it  may  not  be  used  as  a  shelf.  No  hot  air  nor 
other  floor  registers  shall  be  tsed»  iwr  shall  anf  re'gis.ter  be  less  than  6 
inches   above   the   floor. 

8.  SnoKiane  AHo  Carxviik}  i3»  Matchbsv — Shall  be  stnetly  p<>ciiibited4 

9.  Protection. — ^All  b«it}dings<  i«  whieh  tlkefe  x»!  s  totaA  o4  more  than  50 
reds  o^  fthnsr  (^^o  pomids),  shwtf  ^be  eqdip^d  witb^  an  afi^rored  .^fystetti  of 
antemalic  sftvtivlders.  Eatth'  room  shaH  be  e^cvi^ped  with'  at  feast  one 
aigtppoved  h^d  fh*e  extini/frtsher.'  At  )ea«0  dne  {tail-  of  waiter  and  one  f|ail 
of  santl  alBoAX  he  provided  iGt  each  v^iiilt,-  eesefe  or  oabin'et  in  isse. 

MOTION  PICTIIFRE  »rACH'lKBS  AND  THEATRES 

To  regulate  the  installation,  operatiofi  and  maintenance  of  faction 
picture  machines  and  to  regulate  the  construction  and  arrangement 
of  picture  maichine  booths  Jtnd  6i  aifdieYice  fooftt^  in  Mrhtchf  motion 
picture  ejchibitions  stfe  lo  be  givew,  the  Natioi^al'  Board  of  Fire 
Underwrites  isstte^i  a  stig^ested  oiKtimaince  ^  except  for  the  sections 
eoteritig  pewnit^  and  eftfofcefnewt,  this  ordrnanecf  is  given  below: 

IHaterials. — Motion  picture  machines  must  be  instalfed  in  an  enclosure 
construclied  entirely  of  fire-resistive  material,  vvhich  may  include  only  'brick, 
tile,  concrete,  galvanized  iron,  hard  asbestos  board,  asbestos  buifdinii^  lumber, 
two  inches  of  solid  metal  lath  and  I^ortland  cement  plaster,  or  their  equivalent. 

Location. — The  booth  must  not  be  placed  directly  over  an  exit,  and  in  all 
cases  must  be  securely  anchored  or  fastened  to  prevent  dislodgment  in  case 
of  panic.  A  separation  of  at  least  twelve  inches  must  be  maintained  between 
the  top  or  sides  of  metal  booths  and  any  inflfammable  material.  The  enclosure 
must  be  not  less  thiin  seven  (7)  feet  in  height,  with  area  of  floor  space 
varying  in  accordance  with  the  number  of  machines  or  devices  installed  in 
such  booths,  as  follows:  n, 

I    Picture    machJiiie ^  .•  - ^ 6  feet  x  8  feet 

1  Picture  machine  and  i  stereopticon. . .  • g  feet  x  8  feet 

2  Picture  machines  and  i   stereopticon 12  feet  x  8  feet 

BftKKr  T»tB  OR  CofBcuSTE  BooTHs. — WaUa»  roof  and  floor  «f  brick  or  tile 
Shail'  be  at  least  8  istchesi  thick;  if  of  rein-foroed  ceticrete^  they  may  be  oiriy 
4  tnelies-  thMs^ 

MvtAiu  om  Asbestos  Boothsv — Fratne  to  be  made  of  at  leaat- x^.-aineb  by 
i^inch  by  ^-inc^  angle  or  tee  irons,  aa  follows : 
I  FotMf  oiitoide  hortaontal  members  at  tdp  and  bottoni« 

Fotfr  eorttftr  nprights. 

Intermediate  uprights  on  sides  and  intermediate  ipembefs  oa  roofs,  spaced 
at  least  every  two  feet. 

Doorway  to  be  two  feet  wide  by  at  least  five  feet  high,  with  an  angle  iron 
framing. 

All  joints  in  frame  to  be  made  with  3^1 6-inch  steel  plates,  to  which  each 
angle  iron  or  tee  iron  shall  be  riveted  or  bolted  by  the  use  of  at  least  two 
^-inch  bolts  or  rivets.  Alt  bolts  or  rivets  to  have  flat  heads,  said  heads 
always  to  be  placed  ota  exterior  side  of  booth  and  properly  counterdunk. 

CoVEaiNO  OF  Booth. — Sides  and  top  of  booth  and  main  or  efttran^e  door 
ihail  be  covered  with  hai'd  asbestos  boards  or  asbestos  builcfitig  lumber,  of  at 
least  y^'iadk  thickuesa,  or  their  e^tiivaknt^  or  with  ste«l  o#  galvanrited  slleet 
iron  of  Oot  le8#!  thaft  N6.  no  U.  S.  gtfttffb.  TMe  dsbestos,  <»r  ite  equivalent, 
shall  be  so  cut  and  arranged  that  vertical  joints  between  board^rs^b  always 
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ooaue  over  an-  aagle  or  -tep  iron,  to  which  it  shell  be  seeurely  fastened  by 
means  of  proper  bolts  and  nuts,  spaced  not  moce  than  six  inches  aiKirt.  The 
sheet  metal  shall  be  so  cut  and  arranged  that  joints  shall  alnrasw  come  over 
a  member,  be  overlapped  and  bolted  or  riv^ed  to  such  oiember;  t>olt8  or 
riMeta  to  be  spaced  not  over  three  inches  on  centers. 

FtoMiiNG. — Floor  shall  be  made  of  two  parts,  an  upper  and  a  lower  floor. 
Lower  floor  may  be  made  of  wood,  "^-inch  minimum  thickness,  supported 
on  lower  leg  (^  horizontal  angle  irons.  Resting  on  this  floor  shall  be  a 
floor  made  of  hard  aabesAos  board,  asbestos  bvMding  lumber  of  '%*in(4i 
minimum  thickness,  or  an  equally  good   non-combustible  material. 

Opbninos. — ^Tfaere  shall  be  not  more  than  two  openings  in  the  ■b«>otfa  for 
each  machine — one  for  observation  by  the  operator  and  one  for  operation  of 
the  maeiune.  Openinff  for  machine  ahall  be  not  more  than  ^seventy^two 
square  indies.  Opening '  lor  operator  shall  be  not  more  than  ionr  inches 
^i^de  or  more  than, twelve  indies  high.  The  two  openikgs  for  each  machine 
shall  he  provided  with  gravity  doors,  constructed  of  metal  not  less  than  3^16- 
ifftch  in  thickness;  when  closed  they  shall  overlap  the  openings  at  least  <wo 
inches  on  all  sides,  and  be  arranged  to  slide,  without  binding,  in  properly 
constructed  grooves;  said  doors  to  be  heftd  open  ^normally  by  use  of  a  -fine 
ooa>bustifole  cord  fastened  to  a  fusible  link  which  melts  at  a  temperature 
of  160  -degrees  F.,  the  whole  so  arranged  that  the  door  may  be  easily  pdeased 
and  closed  by  band. 

The  main  or  entrance  door  shall  be  hung  on  at  least  three  heavy  hinges 
amd  arranged  to  close  against  a  substantial  metal  rabbet.  The  doer  ^lall 
also  be  provided  with  a  substantial  spring  whieh  will  keep  it  closed  tightly. 

Smstvas. — All  shelves,  furniture  and  fixtures  \^hin  the  booth  shadl  be 
constructed  of  tnoonifbustible  material. 

IS^aNTiukTiON. — Booths  shall  be  provided  with  a  ventilating  inlet  in  each  of 
tliree  sides^  4o  be  Afteon  Inches  long  and  three  inehes  high,  the  lower  side 
to  be  not  more  than  three  inches  above  floor  level.  Inlets  shall  be  covered 
on  the  outside  by  a  wire  netting  of-  not  greater  than  ^-ineh  mecA,  firmly 
secured  by  means  of  iron  strips  and  screws  or  rivets,  and  on  inside  ^y 
gravity  doors  arranged  to  sMde  in  properly  constructed  grooves,  and  wfaidi, 
when  dosed,  shall  o^ef4ap  ventilator  openings  at  least  two  inches  on  aft 
sifles;  doors  to  be  hdd  open  normally  by  «se  of  a  toe  eombustMe  eord 
fastened  to  a  fnsiMe  link  wbidh  metts  at  a  temperature  of  160  degrees  F., 
so  arranged  that  the  doors  may  be  easily  rdeased  and  closed  by  hand. 

Near  the  renter  «f  the  top  of  the  booth  shall  be  a  eireular  opening  of 
not  less  than  ten  inches  in  diameter,  the  upper  side  provided  with  an  iron 
flange,  securely  fastened  to  the  roof.  Seeuridy  fastened  to  rtiis  flange  shall 
be  a  metaHic  vent  pipe  of  not  less  than  ten  inches  in  diameter,  leading  to  the 
outside  of  the  building  or  to  a  special  incombustible  vent  flue;  all  parts  of 
ipcnt  pipe  to  be  at  least  six  inches  £rom  any  combustible  material. 

For  the  comfort  of  the  operator  it  is  important  to  provide  for  a  constant 
Querent  of  air  to  pass  outward  through  the  opening  or  vvnt  flue  at  the  rate 
of  not  less  than  thirty  eybie  feet  per  minute  when  the  hooth  Is  in  ^use. 

PoacABLS  Booth  s^-^POrtable  booths  shall  not  be  nsed  where  a  permanent 
beetii  hbs  been  or  is  .installed,  but  only  for  the  temporary  onc'ttight  exhibit 
lion  of  motion  pictures  in  places  of  assemblage,  sudh  as  haNs  belonging  to 
commercial  organizations,  churches,  schools,  etc.,  where  it  is  deemed  4ra' 
practieaMe  to  install  permanent  booths  made  in  accordance  with  the  above 
speciHeations. 

In  constructing  a  portable  booth  the  specifications  for  a  permanent  booth 
shall  be  followed,  with  the  exceptions  given  below:  , 

I.  Intermediate   uprights  may  be   spaced  every   Cour    feet,  y  vjOOglC 
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2.  Special  means  for  ventilation  need  not  be  provided  except  that  there 
shall  be  an  opening  for  ventilation  in  the  top  of  the  booth,  this  opening  to 
be  ten  inches  in  diameter  and  a  metal  sleeve  at  least  eighteen  inches  in 
height,  provided  with  a  ventilating  cap,  shall  be  attached  thereto. 

3.  The  booth  may  be  made  in  a  folding  type  so  constructed  that  when 
assembled  it  will  be  rigid  and  all  joints  tight  so  that  flames  may  not  pass 
through  them. 

4.  The  base  of  booth  shall  have  a  flange  extension  outward  on  all  four 
sides  provided  with  a  sufficient  number  of  holes^  through  which  booth  may 
be   fastened  to  floor. 

General  Provisions. — The  motion  .picture  machines  must  be  securely 
fastened  to   the   floor  to  prevent  accidental   overturning  or  moving  of  same. 

Shall  be  equipped  with  a  feed  reel  enclosed  in  a  metal  magazine  constructed 
of  20  U.  S.  gauge  metal,  with  a  slot  at  the  bottom  only  large  enough  for 
fllm  to  pass  out,  and  with  cover  so  arranged  that  this  slot  can  be  instantly 
closed.  No  solder  to  be  used  in  the  construction  of  this  box.  Door  on  side 
shall  be  of  metal  and  provided  with  spring  hinges  and  latch,  which  will  keep 
door  closed  tightly. 

Shall  be  provided  also  with  a  take-up  reel  in  a  magazine,  similar  to.  that 
used  to  enclose  feed  reel.  A  slot  to  be  provided  only  large  enough  to  receive 
the  film,  and  a  door  at  the  side  to  be  provided  to  remove  film.  The  door 
must  be  of  metal  and  equipped  with  spring  hinges  and  latch  to  keep  same 
securely  closed. 

A  shutter  must  be  placed  in  front  of  the  condenser,  so  arranged  as  to  be 
automatically  closed  when  film  is  stationary. 

Resistance  box  must  be  kept,  not  less  than  one  (i)  foot  from  any  com- 
bustible material,  or  must  be  separated  from  it  by  la  slab  of  slate  or  marble. 
The  resistance  box  must  be  surrounded  with  a  substantially  attached  metal 
guard  having  a  mesh  not  larger  than  one-half  inch,  which  guard  is  to  be 
kept  at  leatst  one  inch  from  outside  frame  of  rheostat. 

The  lamp  must  not  be  mounted  upon  a  base  or  frame  composed  of  wood. 

Lights. — No  artificial  light  shall  be  used  except  that  produced  by  elec- 
tricity. All  electric  wiring  to  and  in  the  booth;  except  necessary  flexible  con- 
ductors, shall  be  installed  in  metal  conduit.  One  light  will  be  allowed  for 
each  machine  and  one  for  the  rewinding  bench,  but  all  such  lights  shkll  be 
provided  with  wire  guards,  and  reinforced  cord  shall  be  used  for  pendant 
purposes.  If  house  lights  are  controlled  from  within  the  booth,  an  additional 
emergency  control  must  be  provided  near  the  main  exit  and  kept  at  all  times 
in  good  condition.         ,  . 

'  Films. — No  films  shall  be  exposed  in  the  booth  at  the  same  time  other 
than  the  one  film  in  process  of  transfer  to  or  from  the  machine  or  from 
the  upper  to  lower  magazine,  or  in  process  of  rewinding.  A  separate 
case,  made  without  solder,  shall  be  provided  for  each  film  when  the  same 
is  not  in  the  magazine  or  in  process  of  rewinding,  said  films  to  be  kept  in 
these  cases.  No  material  of  a  combustible  ilature  shall  be  stored  within  any 
booth  except  the  films  needed  for  one  day's  operation. 

,  EXTXNGUiSHBRS.-rrAt  least  two  Standard  hand  chemical  fire  extinguishers 
shall  be  provided,  one  inside  the  booth  and  located  in  an  accessible  place 
within  easy  reach  of  the  operator,  the  other  located  outside  of  the  booth 
near  the  door  to  same. 

Smoking,  etc. — Neither  smoking  nor  the  keeping  nor  use  of  matches  shall 
be  permitted  in  any  booth,  room,  compartment  or  enclosure  where  a  motion 
picture  machine*  is  installed. 

Note. — It  is  suggested  that  at  some  convenient  time  during  each  exhibi- 
tion a  bulletin  stating  the  precautions  taken  to  reduce  the  danger  from  fire 
and  a  caution  against  the  dangers  of  panic,  be  thrown  upon  the  screen. 
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Envisonmbnt,  etc. — No  motion  picture  machine  shall  be  installed,  main- 
tained or  operated  in  any  building  that  does  not  abut  directly  upon  a  street; 
nor  shall  any  such  machine  be  installed,  maintained  or  operated  in  connection 
with  any  exhibition  room  contained  in  a  building  occupied  as  a  hotel,  tenement 
house,  or  lodging  house;  nor  in  factories  or  workshops,  except  where  the 
exhibition  room  and  motion  picture  •  machine  are  separated  from  the  rest '  of 
the  building  by  unpierced  fireproof  walls  and  floors;  and  in  no  case  shall  the 
main  floor  of  such  exhibition  room  be  more  than  four  feet  above  or  below 
the  adjoining  grade  level.  To  overcome  any  difference  of  level  on  the  ground 
floor  gradients  shall  be  employed  of  not  over  one  foot  in  ten  feet;  no  steps 
shall  be  permitted.     Exit-  doors  must  be  at  the  same  level  as  the  sidewalk. 

If  the  walls  of  the  auditorium  contain  wood  studs,  they  shall  be  covered 
with  either  expanded  metal  lath  or  wire  mesh  and  plastered  with  thiee  coats 
of  plaster,  or  be  covered  with  one-half  inch  plaster  boards  and  plastered  or 
covered  with  metal.  The  joints  shall  be  properly  filled  with  mortar.  The 
ceilings  of  all  such  rooms  shall  be  plastered  with  three  coats  of  plaster  on 
wire  mesh  or  metal  lath>  or  covered  with  one-half  inch  plaster  boards  and 
plastered  or  covered  with  metal.  If  there  be  a  basement,  or  cellar,  the  ceil- 
ing under  the  auditorium  floor  must  be  plastered  with  three,  coats  of  plaster 
on  wire  mesh  or  expanded  metal  lath,  or  be  covered  with  one-hall  inch 
plaster  boards  and  plastered  or  covered  with  metal. 

Any  motion  picture  exhibition  room  accommodating  more  than  three  hun- 
dred people,  or  containing  a  gallery  or  galleries,  shall  be  built  in  compliance 
with  the  requirements  for  theaters  and  opera  houses.  (See  the  Building 
Code  issued  by  the  National  Board  of  Fire  .Underwriters.) 

Exits. — All  motion  picture  exhibition  rooms  shall  be  provided  with  at  least 
two  separate  exits,  one  of  which  shall  be  insthe  front  and  the  other  in  the 
rear,  both  leading  to  unobstructed  outlets  on  the  street.  The  aggregate  width 
in  feet  of  such  exits  shall  be  not  less  than  one-twentieth  of  the  number  of 
persons  to  be  accommodated  thereby.  No  exits  shall  be  less  than  five  feet 
in  width,  and  thei-e  shall  be  a  main  exit  not  less  than  ten  feet  in  total  width. 

If  an  unobstructed  exit  to  a  street  cannot  be  provided  at  the  rear  of  such 
buildings,  as  herein  specified,  either  an  open  court  or  a  fireproof  passage 
or  corridor  must  be  provided  from  rear  exit  to  the  street  front,  of  at  least 
four  feet  in  width  for  exhibition  rooms  accommodating  so  persons  or  less, 
and  six  inches  additional  for  each  additional  50  persons  accommodated  by 
such  room.  Such  passage  must  be  constructed  of  fireproof  material  and 
must  be  at  least  ten  feet  high  in  the  clear.  The  walls  forming  such  passage 
must  be  at  least  eight  inches  thick,  of  brick  or  other  approved  hreproof 
material,  and  if  there  be  a  basement  the  wall  on  the  auditorium  side  should 
either  run  one  foot  below  the  cellar  bottom  or  may  be  carried  in  the  cellar 
on  iron  columns  and  girders  properly  fireproofed.  The  ceiling  of  said  passages, 
and,  if  there  be  a  basement,  the  floor,  must  be  of  fireproof  construction. 
'  If  unobstructed  rear  exit  or  exits  to  a  street  are  provided,  the  said  exit 
or  exits  must  be  of  the  same  total  width  required  for  the  court  or  passage 
above  mentioned.  Said  passages  and  exits  to  the  street,  as  above,  must  be 
used  for  no  other  purposes  except  for  exit  and  entrance,  and  must  be  kept 
free  and  clear. 

The  level  of  the  open  court  or  passage  at  the  front  of  building  shall  not 
be  greater  than  one  step  above  the  level  of  the  sidewalk,  and  the  grade  shall 
not  be  more  than  one  foot  in  ten,  with  no  perpendicular  rises. 

Seats  and  Aisles. — All  seats  in  any  exhibition  room  for  movjng  picture 
machines  shall  be  not  less  than  32  inches  from  back  to  back  and  securely 
fastened  to  the  floor;  they  shall  be  so  arranged  that  there  will  be  not  more 
than   ten   seats   in   a   line   between   aisles,   nor   more   ttp@edf)i^ac7€b0^es€  any 
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9tat  and  <aa  aisle.  Ail  atotes  shall  lead  dtrectl^y  to  exits  and  all  eadte 
be  dteeotly  acoes^ilife  to  sAdcs.  No  aisles  shall  ha  less  tlian  tbrae  <eet  in  Jwidth 
wchese  ithey  begin,  and  shidl  he  increased  in  widkh  toward  the  exils  ^hvee 
incjbes  to  tcvtry  ten  n»nniag  ioct  ilength.  All  exit  doors  sbaM  be  acranged 
to  swing  outward  and  he  iM-ovided  .with  fastenings  such  as  can  be  opened 
readily  from  .tfae  inside,  witfaaut  tiK  use  of  keys  or  any  special  effort,  but 
flMt  locked  when  the  droom  is  open  Ao  <he  publio. 

AH  the  oequarements  of  this  section  relating  to  seats,  aisles,'  passageways, 
exits  and  doors  shall  apply  in  copnection  with  each  open-air  rnotAoa  ^tuce 
exha>ition. 

DooawAYS. — 'Every  .exit  doorway  leading  <rom  the  exhibition  rqom  dhall 
have  over  the  aame  on  the  anditositnn  side,  the  word  ^  EXIT "  in  letters 
ojot  less  than  six  laches  'high,  or  an  Uinminatcd  sign  with  letters  of  ithe  same 
height.  Where  illunrinated  eigns  arc  not  provided  there  shall  be  at  least  one 
red  light  over  etnok  exit  doorway.  The  exit  doorways  shall  be  nnubered  with 
figures  net  less  than  aix  inches  high,  liigbt  used  in  OM/riciog  exits  or  tighting 
passageways,  stairvrays  or  inclines  leadin^r  from  'them  shaU  not  depend  npon 
or  :be  coatcGiUed  by  wires,  switches  or  fnses  located  in  room,  compartment, 
beoHi  .or  enelosure  containing  motion  picture  ^nachines,  :but  shall  be  controlled 
Irem  41m  4ieket  office. 
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STORAGE  AND  HANDLING  OF 
INFLAMMABLE   LIQUIDS 

Ha^^ards. — The  hazard,  from  inflammable  liquids  is  two-fold — 
the  danger  of  an  explosion  or  fire  from  the,  gases  liberated,  and 
the  spread  of  fire  in  and  from  the  liquid. 

As  inflammable  liquids  are  nearly  always  of  consider jible  mone- 
tary value,  the  usual  containers  in  which  they  are  handled  in 
bulk  are  tight,  with  small  chances  of  leaking.  The  Interstate 
Con^merce  Commission  and  the  Department  of  *  Comnjerce  have 
issued  requirements  covering  the  construction  of  shipping  con- 
tainers and  it  is  safe  to  say  that  any  inflammable  liquid  in  an 
original  shipping  container,  providing  it  is  in  good  condition,  can 
be  stored  in  (practically  any.  place  with  slight  danger,  of  fire .  or 
explosion  resulting  from  it.  Bjut  with  these  containers,  ppen  very 
distinct  hazards  arise,  first,  that  of  the  liberation  of  dangerous 
gases  and,  second,  that  of  spilling  or  igniting  the. liquid  contents. 

Properties  of  Liquids. — ^The  Underwriter's;  Lfiboratories,  in 
classifying  the  hazardous  properties  of  liquids,  consider  eleven 
properties,  as  follows:     . 

1.  Explosive  characteristic.  ,     : 

2.  Combustibility;  as  indicated  by  the  flashiip\g  point.  , 

3.  Volatility;  as  indicated  by  the 

(a)  Vapor  pressure  at  68"  F. 

(b)  Boiling  point  at  standard  pressure. 

4.  Violence  of  vapor  air  explosions. 

5.  Vai)or  density.  ' 

6.  Ignition  point.  , 

7.  Resistance  when  burning  to  the  extinguishing  action  6i  water. 

8.  Chemical  activity.    Hazards  in  combination. 

9.  Ability  as  ^  corrosive  agent 

10.  Ability  towards  leakage. 

11.  Ability  as  a  factor  in  spontaneous  ignition. 
Characteristics   i,  3,  4  and  5  are   rated  with  reffefence  to  the 

flashing  joint.    The  flashing  point  is  in  this  way  made  a  determina- 
tive factor  in  rating  the  hazard  and  is  not,  therefore,  considered 
separately. 
Under"  this  classification : 

Ether  rates   .....;... .100 

Gasolene i 90*100 

Turpentine ; 40-50 

Kerosene  (F.  P.  38°  C  100°  F.) 30-40 

Parafiin  Oil  (F.  P.  229°  C  444**  FJ '-• •  •  •  io-2d 

/  ■  129  Digitized  by  VjOOQIC 


130  Fire  Prevention  and  Protection 

Flash  Point.— Although  the  above  classification  is  best  to  deter- 
mine the  exact  relative  hazard  of  liquids,  for  general  purposes  a 
simpler  method  is  necessary;  any  of  the  liquids  if  heated  and 
ignited  will  burn  intensely,  with  little  difference  between  them. 
The  main  hazard  then  to  differentiate  upon  is  the  volatility  and 
combustibility,  which  can  best  be  determined  by  the  flash  point. 
This  has  been  taken  as  the  deciding  factor  in  a  recommended 
ordinance  issued  by  the  National  Board  of  Fire  Underwriters  and 
abstracted  below;  the  requirements  given  in  this  ordinance  are 
also  essentially  those  recommended  for  adoption  by  the  insurance 
associations  for  their  guidance  in  accepting  risks. 

Cleaning  Substitutes. — As  a  substitute  for  benzine,  gasoline, 
naphtha,  ether,  carbon  bisulphide  and  other  dangerous  substances 
used  for  cleaning  and  extracting,  the  Underwriters*  Laboratories 
have  listed  Carbona  as  non-combiistible  and  non-flammable,  Deter- 
g-cne  as  in  the  same  class  as  turpentine,  Carbozine,  Claroline  and 
Woolkys*  Solvent  as  in  the  same  class  as  kerosene,  and  trichlore- 
thyleile  and  tetrachlorethane  as  not  forming  inflammable  or  explo- 
sive rtlixtures^  with  air  under  ordinary  conditions,  but  at  high  tem- 
peratures giving  off  vapors  that  are  moderately  combustible.  The 
last  two  arid  chloroform,  which  is  also  a  safe  liquid  for  such  pur- 
poses, possess'  toxical  properties  which  make  ventiliation  a  require- 
ment for  their  use. 

Carbon  tetrachloride  is  also  of  value  for  cleaning  purposes;  it 
has  high  extinguishing  value  and  is  used  to  a'  large  extent  in 
small  fire  extinguishers.  When  mixed  with  gasoline,  it  reduces 
the  flash  point,  until  with  a  mixture  of  40  to  50  per  cent  of 
tetrachloride,  the  hazard  is  removed. 

Gasoline. — The  more  volatile  parts  of  petroleum  ai:e  known  as 
naphtha  by  the  refiners,  but  to  the  general  public  the  term  gasoline 
cQveys  the  general  class  used  in  every  day  life;  gasoline  is  lighter 
than  water  and  therefore  can  not  be  extinguished  by  the  appli- 
cation of  water,  except  as  the  cooling  effect  of  the  water  dimin- 
ishes the  heat  generated  to  such  an  extent  as  to  bring  the  heat 
ia  the  burning  liquid  below  the  flashing  point.  Fires  are  often 
s|Ut^  by  the  ajpj^lica^tion  of  water,  the  oil  staying  on  top  and  con- 
tinuing to  buTn< 

Gasoline  gives  off  vapor  at  practically  all  temperatures,  the 
amount  of  vapor  varying  with  the  temperatw^;  for  thi$  reason  it 
ia  best  to  store  in  as  cool  a  place  as  possible ;  underground  storage 
is  the  only  safe  method.  The  vapor  of  gasoline  when  pure,  not 
mixed  with  air,  will  not  explode.  It  becomes  violently  explosive 
whep  mixed  with  air,  when  the  proportion  of  vapor  is  from  3  per 
cent  to  6  per  cent,  after  which  last  figure  it  i^s^^np  4S?^^^  explosive. 
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The  vapor  is  2.77  times  as  heavy  as  air,  therefore,  it  tends  to 
settle  to  the  ground  and  to  collect  in  low  spots  unless  a  draft 
or  ventilation  disperses  it.  This  feature  is  the  most  dangerous 
property  of  the  vapor,  and  causes  many  serious  fires,  as  the 
vapor  will  travel  several  hundred  feet  under  the  right  circum- 
stances, until,  reaching  a  flame  it  will '  ignite  and  flash  back  to 
the  origin  of  the  vapor,  setting  fire  to  any  inflammable  sub- 
stance in  its  path.  Many  instances  are  on  record  of  the  vapor 
l3dng  in  a  layer  on  a  garage  or  dry-cleaning  floor,  or  beii^  in  a 
pit  or  basement,  and,  when  ignited  by  a  dropped  match,  spark 
fr<Mn  electrical  apparatus,  or  from  friction,  or  back-4ire  of  a 
gasoline  engine,  spreading  so  rapidly  as  to  destroy  the  entire 
contents  of  the  building  in  a  very  short  period  of  time. 

Gasoline  Containers. — In  hanging  gasoline,  open  receptacles 
should  never  be  used,  and  discharge  should  be  direct  from  one 
closed  container  to  another,  with  as  little  chance  of  its  getting  in 
contact  with  the  air  as  possible.  All  containers  which  are  partly 
filled  with  gasoline  or  have  held  gasoline,  contain  the  vapor  in 
a  more  or  less  mixture  of  air.  On  filling,  this  is  driven  oflf  and 
immediately  mingles  with  the  lower  stratum  of  the  air;  if  no 
means  of  its  flowing  away  are  provided,  i.  e.,  proper  ventilation 
is  not  established,  it  form^  either  an  explosive  or  a  burnable 
mixture,  which  only  needs  a  spark  or  flame  to  set  it  off. 

The  prindpal  danger  is  in  the  handling  of  gasoline;  as  with 
underground  storage  the  hazard  of  storage  .is  well  safeguarded ; 
laws  should  be  stringent  as  to  its  use  and  should  be  stri<:tly  en- 
forced by  the  fire  department*  I 

Fire  Risks. — In  respect  of  fire  risk,  the  crude  petroleums  are 
less  uniform  in  character  than  the  fats  and  oils^  the  risks  of  which 
are  confitied  within  narrow  limits,  while  those  of  petroleum  have 
a  wide  range.  Many  o£  them  contain  gases  that  are  liberated  at  the 
ordinar^^  temperature,  tod,  when  condensed  to  the  liquid  condi- 
.  tion,  boil  a  little  above  the  freezing  point  of  water.  Such  gases 
do  not  occur  in  fats  or  oils.  Other  constituents  of  qrude  petroleum 
are  extremely  volatile  and  inflammable,  the  vapors  forming  ex- 
plosive mixtures  with  air.  Finally,  other  constituents  are  solid, 
are  not  easily  ignited,  and  do  not  explode  until  high  temperatures 
are  attained. 

The  low-boiling  and  highly  volatile  constituents  of  petroleum 
and  mineral  oils  belong  to  the  most  dangerous  of  substances  so 
far  as  risk  of  fire  and  explosion  are  concerned.  However,  as 
the  boiling  point  rises  and  the  volatility  diminishes,  the  danger 
also  lessens,  until  we  arrive  at  the  paraffins,  which  are  about  on  a 
par  with  the.  fats  and  oils.  (    r^r^ri\i> 
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Alcohol. — ^Alcohol  is  a  generic  term,  and  applies  to  a  large 
series  of  organic  compounds  consisting  of  carbbn,  hydrogen,  and 
oxygen,  and  having  the  same  fundamental  chemical  composition. 
The  chief  member  of  the  series  is  spirits  of  wine,  which  is  called 
alcohol  when  chemically  pure  and  of  a  certain  degree  of  strength. 

The  alcohols  are  for  the  most  part  liquid  and  volatile,  only  a 
few — e.  g.  mannite  and  erythrite — being  solid  and  non-volatile. 

They  are  generally  combustible,  some  of  them  readily  inflamma- 
ble; and  though  perfectly  safe  alcohols  are  not  unknown,  the 
name  "  alcohol "  is  associated  with  the  idea  of  inflammability 
and  fire  risk,  and  to  a  certain  extent  also  with  that  of  explosion 
(especially  when  warmed  alcoholic  vapors  ari^  in  question).  For 
•this  reason  very  stringent  precautions  should  be  prescribed  for  all 
premises  where  alcohol  is  employed. 

Alcohols  of  different  strengths  gives  off  inflammable  vapor  at 
the  following  temperatures : 

Absolute  alcohol  at  51°       F.  40  per  cent  alcohol  at  78^**  F. 

80  per  cent     "  68°       "  30  per  cent        t*  85° 

70  per  cent     "  69%°    "  20  per  cent       .".  97^4°    " 

60  per  cent     "  71^,**    "  10  per  cent        "  i2oK°    " 

50  per  cent     "  7554°    "  5  per  cent        "  143^°    " 

The  final  limit  of  inflammability  .is  only  attained  between  5  and 
3  per  cent. 

Strong ! alcohol  will  ignite  readily  even  in  the  cold;  but  for  that 
of  60  per  cent  strength  a  temperature  of  8oJ^°  F.  is  necessary, 
and  S7^°  F.   for  45  per  cent  spirit. 

Alcohol  of  9^9954  per  cent  strength  is  classed  as  alcohol,  that 
oi  95-97  per  cent  as  fine  spirit,  that  of  80-86  per  cent  as  raw  spirit, 
and  that  of  80  per  cent  strength  as  burning  spirit. 

Alcohol  between  60  and  gg}^  per  cent  strength  is  more  inflarainable 
than  ordinary  petroleum  (f.  p.  70°  F.)  ;  but,  on  the  other  hand, 
the  vapors  are  far  less  explosive,  since  to  attain  this  condition 
they  require  to  be  sti'ongly  heated  and  placed  in  contact  with  a 
rlara«  or  electric  spark.  In  point  of  general  iire-risk,  alcohol  is 
far  below  ether,  benzol,  carbon  disulphide,  and  similar  liquids. 

Special  danger  attaches  to  alcohol  by  reason  of  its  high  diffusi- 
bility.  With  the  exception  of  glass  and  metals  there  are  few 
substances  through  which  alcohol  is  unable  to  penetrate,  even 
when  of  only  60  per  cent  strength.  Neither  wooden  vessels  nor 
the  most  compact  cement  tanks,  etc.,  can  prevent  escape,  and  the 
stronger  the  alcohol  the  quicker  the  dispersion. 

Denatured  Alcohol, — To  cheapen  alcohol  for  technical  purposes, 
it  is  denatured,  generally  with  methyl  alcohol  (2  per  cent),  which, 
however,  increases  the  risk  of  fire  and  explosion,  owing  to  the 
rapidity  with  which  the  adjunct  evaporates,,  and/ to  th^icpcplosive 
vapors  it  yields.  Digitized  by  ^ 
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Use  No,  Rubber; — Rubber  pipes  or  tubing  made  of  organic  ma- 
terials should  never  be  used  for  conveying  alcohol,  or  connecting 
vessels  containing  that  liquid,  when  the  strength  of  the  spirit  is 
above  50  per  cent.  Flexible  metallic  tubing,  which  is  now  made 
of,  good  quality,  is  necessary  in  such  c^ses. 

Spirituous  Liquors.-p-Among  spirituous  liquors,  only  such  as  ar^ 
rich  in  alcohol  are  d^hgexous,  and  even  then  the  risk  is  not  high, 
since  it  is  only  when  they  are  in  a  warm  and  undiluted  condition 
that  they  readily  ignitje.  Inflanimable  vapors  are  Hberated  by: 
Ordinary  brandy,  at  84°  F. ;  Diutch 'gin  at  89^/2°  F. ;  whisky  at 
&2>4°  F. ;  rum,  arrack,  and  cognac  at;  about  Tj""  F.,  ?iccording  to 
strength;  and  by  sherry  and  port  wines  at  129"  F. 

Ethers. — Like  "  alcohol,"  the  term  "  ether  "  is  a  generic  appella-r 
tion  for  a  large  se^es  of  organic  conipounds  of  definite  composition. 
'The   chief   representative   of   the   group   is   sulphuric   ether,   com- 
monly known  as  ether. 

The  ^thers  are  .usually  volatile,  readily  inflammable  and  com- 
bustible, far  more  so  indeed  thap  the  alcohols,  from  which  latter 
they  differ  in  the  explosive  character  of  their  vapors  at  low  tem- 
peratures, alcohol  vapors  being  explosive  only  when  hot. 

The  ethers  us\ially  have  lower  boiling  points  than  alcohols,  theire 
being  but  few  exceptions  to  this  rule. 

Wherever  large  quantities  of  ether  vapor  are  liberated,  great 
danger  of  explosion  is  imminent. 

Carbon  Di^ulphide. — Carbon  disulphide,  on  account  qf  its  great 
volatility,  must  always  be  kept  under  water,  by,  which,  it  is  dis- 
solved to  the  extent  of  about  0,5  per  cent  without  any  dangerous 
properties  being  thereby  imparted  to  the  water  itself.  Owing  to 
the  great  density  and  high  explosive  factor  of  the  vapors,  the 
floorings  of  all  rooms  where  it  is  employed  must  be  well; made, 
to  prevent  penetration  by  the  vapor;  and  all  depressions  to  which 
the  vapor  could  g^in  access  must  be  well  covered.  Where  large 
quantities  of  carbon  disulphide  are  employed,  no  fires  should  l^p, 
allowed  \\rithin  50  ft,  of  the  workrooms. 

Despite  their  volatility  the  vapors  of  carbon  disulphide  are 
tenaciously  retj^ined  by  porous,  fibrous*  woollen  materials;  apd  in 
the  ground  they  are  retained  for  more  than  a  year.  By  reason  of  . 
this  retentive  faculty,  carbon  disulphide  cannot  be  used  for  ex-. 
tracting  fat  from. wool,  though  otherwise  the, best  agent  for  that 
purpose.  All  porous  materials  treated  with  carbon  disulphide  re- 
mains,  dangerous  for  a  considerable  time  from  the  ^boye  cause. 

In  itself,  liquid  carbon  disulphide  is  not  ex-plosive,  but  the 
presence  of  even  6  per  cent  of  its  vapor  in  air  is  sufficient  to 
impart  a^.  explosive  tendency  to   the    latter.     T3h^|edS?G4t5\SSl^ 
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retained  in  all  cases  where  the  proportion  is  higher;  and*  therein 
lies  the  great  danger  of  this  substance.  The  risk  is  increased  when 
the  air  is  replaced  by  oxygen,  violent  explosions  occurring  what- 
ever the  proportions  of  the  mixture. 

Ethereal  Oils. — ^The  ethereal  oils  are  of  an  oily  taature,  form 
grease  spots  (which,  however,  disappear  on  heating),  are  lighter 
than  water,  in  which  they  are  insoluble,  and  are  soluble  in  the  same 
solvents  as  fats. 

The  following  tjrpical  etheiieal  oils  may  be  cited: 

Lemon  oil,  turpentine  oil,  *  lavender  oil,  wormwood  oil  (ver- 
mouth), pine  oil,  bergambt  oil,  nutmeg  oil,  mace  oil,  eucalyptus 
oil,  juniper  oil,  and  solid  camphor.  When  treated  with  iodine, 
these  biis  ^detonate  with  liberation  of  vaporis  and  great  heat. 

Aniseed  oil,  fennel  oil,  camomile  oil,  rosemary  oil,  carraway 
oil,  tfi3rme  oil,  s^e  oil,  and  hop  oil.  These  detonate  only  sKghtly 
with  iodine. 

Rose  oil,  bitter  Almond  oil,  clove  oil,  mustafd-  oil,  valeiaan  oil, 
and  amber  oil.  When  mixed  with  iodine  they  generate  only  a 
moderate  amount  of  heat. 

When  old,  resinfied,  or  rancid,  the  oil's  of  the  last  two  groups 
behave  with  iodine  in  the  same  manner  as  those  of  the  first. 

All  the  ethereal  oils  boil  at  temperatures  above  284°  F.,  and 
decompose  at  390° -535**  F.  They  will  burn  even  without  a  wick, 
are  more  easily  ignited  than  fats  or  oih,  and  are  in  general  more 
dangerous  thatn  these  latter.  Exposed  to  the  air,  they  take  up 
oxygen  and  thc:n  form  characteristic  carriers  of  ozone.  ) 

A  few  of  the  ethereal  oils  (oil  of  turpentitie)  take  fire  on 
contact  with  fuming  nitric  acid  or  nitrating  licjuid.. 

VaFilishfcs. — Varnishes  may  be  divided  into  the  followitig  classes : 

t.  Oil  varnish,  usually  boiled  linseed  oil,  more  rarely  popjjy 
or  hut  oil. 

^  Lacquer  varnish  (true  lacquer,  also  called  spirit  vatnish). 
This  class  consists  of  resins  dissolved  in  alcohol,  wood  spirit, 
acetone,  benzol,  or  petroleum  ether;  or  collodion  wool  dissolved 
in  amyl  acetate. 

3.  Oi!  laCquer  varnish:  solutions  of  resins  in  linseed  oil  often- 
times thirihed  with  oil  of  turpentine  or  benzbl;  hence  a  mixture 
of  I  and  ±. 

4.  Turpentine  lacquer  varnish:  solutions  of  resins  in  oil  of  tur- 
pentine. 

5.  Refill  oil  lacquer  varnish:    solutions  of  resins  in  resin  oils. 
There   are   also*  sundry   special   lacquers,    such   as   dull   lacquer 

(sandarach  in  ether,  benzol,  or  toluol),  zapon  lacquer  (collodion 
wool  or  'celluloid  in  amyl  acetate),  asphaltum  lacquer   (asphaltum 
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in  oil  of  tutpentiiie).  The  resins  most  iti  use  for  lacquers  and 
oil  varnishes  are,  copal,  dammar,  anine,  sandarach,  mastic,  shellac, 
pine  resin,  colophony,  amber,  and  asphaltum. 

The  dangers  of  varnishes  and  lacquers  increase  in  proportion  to 
the  dangerous  character  of  the  solvents  used,  the  benzo!  and  ether 
varnishes  being  the  worst  in  this  respect.  Of  late  the  extremely 
dangerous  nitrous  ether  (b.  p.  62°  F.)  has  been  largely  used,  but 
should  not  be  employed  exc^t  when  greatly  diluted  with  alcohol. 

Lacquering  Stoves. — An  important  and  dangerous  appliance  in 
connection  with  the  use  of  dip  tanks  and  oil  varnish  is  the  dfy- 
room  or  oven  and  the  lacquering  stove,  in  which  th^  articles  are 
dried  and  finished.  The  temperature  in  these  stoves  ranges  from 
120**  to  i6d°  R,  and  since  the  formation  of  explosive  mixtures  of 
vapor  may  occur,  they  must  be  fitted  with  ptoper  ventilating  out- 
lets discharging  into  flues  out  of  all  communication  with  fite. 
Efficient  ventilation  nlust  be  provided  in  the  room  where  the  stove 
is  located;  naked  light§  must  be  prohibited,  and  the  stove  must 
be  kept  in  good  condition  and  free  from  leaks  through  which  any 
inflammable  vapors  could  escape.  They  are  sometimes  heated  with 
hot  air  of  high  tension;  explosions  may  readily  happen,  and  there- 
fore all  fire  or  sparks  should  be  rigidly  excluded.  The  danger 
may  be  diminished  by  the  introduction  of  carbon  dioxide,  10  per 
cent  beingr  sufficient,  though  even  in  this  event  no  guarantee  of 
safety  is  possible. 

Storage,  of  Inflammable  Liquids. — ^From  the  insurance  view- 
point, the  storing  and  handling  of  hazardous  liquids  are  divided 
as  follows:  -  ' 

Class  A — Underground  Storage  without  Inside  Discharge 

These  storage  systems,  which  are  generally  known  as  "  isolated  Storage 
Systems,"  consist  of  an  outside  underground  storage  tank  provided  with 
suitable  means  for  filling  and  for  withdrawing  the  liquid  it  is  designed 
to  contain. 

Systems  which  provide  for  storing  and  handling  hazardous  liquids  out- 
side of  and  so  removed  from  adjoining  property  as  not  to  create  an  exposure 
thereto,   are  considered  the  least  dangerous. 

Cld!8i5  B-^Underground  Storage  with  liistide  Discharge 

An  inside  discharge  or  so-called  "  long  distance "  system  consists  of  an 
underground  storage  tank  connected  by  piping  to  a  pump  or  other  means 
of  transferring  liquid  into  a  building:  This  type  of  instaliatic'n  is  regarded  as 
more  dangerous  than  systems  not  introducing  hazardous  liquids  inside  buildings. 
Where  used  its  hazards  should  be  recognized. 

Class  C-«Portable  fanks 

A  portable  tank  consists  of  a  metal  receptacle  mounted  on  wheels  and 
provided   with   means    for   filling   and   withdrawing   liquid. 

These  devices  handle  a  considerable  quantity  of  hazardous  liquids  inside 
buildings.  Their  use  obviates  the  necessity  for  handling  thfese  liquids  in 
buckets  or  other  open  receptacles.     If  used,  their  hazards  should  be  recogninfed. 
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Class   D — Stationary  Tanks  in  Buildings 

Tanks  used  for  the  storage  and  handling  of  various  paint  oils,  linseed  oij, 
varnishes,  lubricating  oils,  kerosene,  etc.,  and  not  for  the  storage  of  gasoline, 
benzine,  alcohol,  naphtha  or  liquids  involving  similar  hazards. 

These  devices  are  not  intended  as  substitutes  for  Qass  "A"  or  Cldss  **  B  " 
systems  when  same  can  be  installed,  but  are  largely  used  to  reduce  the 
hazard  of  storing  and  handling  of  the  first-above-mentioned  materials,  in 
barrels,  etc. 

Class  E — Outside  Aboveground  Storage 

These  storage  systems,  in  the  largest,  sizes, '  are  svch  as  are  generally 
found  in  oil  fields,  oil  refir^eries  or  distributing  stations  and  consist  of 
tanks    located   above   ground. 

The  hazards*  of  such  systems  depend  upbn  the  distance  from  burnaWe 
pi-opferty  and  topography  of  the  surrounding  land,  but  owing  to  the  tanks 
being  above  ground  they  are  considered  as  more  hazardous  than  under- 
ground systems  of  storage. 

The  National  Board  of  Fire  Underwriters  have  issued  regulations 
under  the  title  of  Containers  for  Hazardous  Liquids,  covering  the 
above  classes.  These  in  all  esaentials  are  the  same  as  given  in  a 
model  ordinance  on  this  subject  also  issued  by  the  board ;  this  ordi- 
nance is. given, complete  below. 

USE,  HANDLING  AND  STORAGE  OF  INFLAMMABLE 
LIQUIPS  AND  THE  PRODUCTS  THEREOF* 

$ectioi>  2.  Inflammable  liquids  are  divided  into  three  closes,  accprding 
to  the  flash  point,  as  follows: 

Class  I.  Liquids  with  flash  point  below  2y  degrees  Fahrenheit  ( — 3  degrees 
Centigrade)  closed  cup  tester.  (Equivalent  to  36  degrees'  F^ahrenheit  open 
Oiap   tester.) 

Class  II.  Liquids  with  flash  point  above  that  for  Class  I  and  below  74 
degrees  Fahrenheit  (23  degrees  Centigrade)  closed  cup  tester.  (Equivalent 
to  80  degrees  Fahrenheit  open  cup  tester.) 

Class  III.  Liquids  with  flash  point  above  that  for  Class  II  and  below 
1^7  degrees  l^ahrenheit  (86  degrees  Centigrade)  closed  cup  tester.  (Equivalent 
to  200  degrees  Fahrenheit  open  cup  tester.) 

The  flash  points  shall  be  as  determined  with  the  Abel-Pensky  or  the 
Pensky-Martens  closed  cup  tester.  For  commercial  use,  where  the  flash 
point  is  not  within  9  degrees  Fahrenheit  (5  degrees  Centigrade)  the  Tagliabue 
open  •  cup  tester  may  be  used ;  provided  that  the  flash  point  as  given  by 
the  Abel-Pensky  •  or  :l^ensky-Martens  testerf  ,  shall  be  authoritative  in  all 
cases,  t 

*Abstracted  from  a  suggested  ordinance  recommended  by  the  National 
Board  of  Fire  Underwriters.  Sections  omitted  covered  matters  of  enforce- 
ment  and    permits. 

t  For  description  of  testers  and  methods  as  used  by  the  U.  S.  Bureau  of 
Mines  see  technical  paper  No.  .49  on  "  The  flash  point  of  oils — methods  and 
apparatus  for  its  determination." 

This  paper  may  be  had  upon  request  from  the  Director  of  the  United 
States   Bureau   of   Mines,   Washington,    D.    C. 

For  ordinary  usage,  the  comparison  of  open  and  closed  cup  testers  may 
be  .  assumed   as   follows : 

Degrees   Fahr.    (Tagliabue)  =  i °  +    P^g^'^^es  Fahr.  (Abel-Pensky). 
Degrees  Fahr,   (Abel-Pensky)  =  0.94  Degrees  Fahr.   (Tagliabue)  ?0^lc 
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Representative   examples  of   the  classes  of  inflammable  liquids  are: 
Class  I 
Ether  Benzole 

Carbon  bisulphide  Collodion 

Gasoline  Hydrocarbon    (gas  drips) 

Naphtha  Liquefied    Petroleum    gas 

Class    li 
Acetone        •  Amyl  acetate 

Alcohol  Toluol 

Class  III 
Kerosene  Whiskey 

Amyl  alcohol  Brandy 

Turpentine 

Section  24.  Except  in  sealed  containers,  no  Class  I  nor  II  liquids  may 
be   stored   within    10    feet   of   any   stairway,   elevator   or   exit. 

Section  25.  In  paint  or  oil  stores,  retail  stores  and  jobbers*  plants  con- 
taining inflammable  liquids,  at  least  two  exits  shall  be  provided,  one  of 
which    must    be    away    from    the    point    of    storage. 

Section  26.  The  mjlxing,  storing  or  handling  of  inflammable,  liquids  of 
Class  I  and  II  in  open  containers,  is  prohibited  in  any  store  in  any  building 
housing  more  than  two  families  or  in  a  frame  building  housing  more  than 
one  family,  provided  that  this  shall  not  apply  to  drug  stores  where  inflam- 
mable liquids  are  used  in  making  and  compounding  medicines  and  prescriptions. 

Section  27.  The  storage  of  inflammable  liquids  inside  buildings,  except 
in  buildings  now  so  used,  shall  be  as  given  under  the  following  sub-sections; 
provided  that  in  a  special  storage  room  or  fireproof  building,  conforming  to 
requirements  given  in  Section  29,  an  unlimited  quantity  may  be  maintained 
therein,   except   of   Class   I   liquids: 

a.  Within  the   limits  given  in  Section  45. 
In    frame    buildings : 

Classes   I  and  II  prohibited. 

Class  III.  Maximum  limit  of  any  tank  or  container  to  be  60  gallons. 
^  In    other   than   frame    buildings; 

Class   I,   In  sealed  containers  or  safety   cans  of  not  more   than    i   gallon 

capacity,   and  not  exceeding  a  total  of   10  gallons.. 
Class  II,  In  sealed  containers  or  safety  cans  of  not  more  than  5  gallons 

capacity  and  in  barrels,   drums  or   tanks  of  not  more  than  60   gallons 

capacity.     (Total  quantity  to  be  stored  in  this  manner  unlimited.) 
Class  III,   In  sealed  containers  of  not  more   than  5   gallons  capacity,' in 

barrels   and    drums    and    in    tanks    not    exceeding    120   gallons   capacity. 

(Total  quantity  to  be  stored  in  this  manner  unlimited.) 

b.  Outside    the    limits    given    in    Section    45.    , 
In  fraipe  buildings:, 

Class   I,   In   sealed  containers  or  safety  cans  of  not  more  than    i   gallon 

capacity,  and  not  exceeding  a  total  of   10  gallons. 
Class  II,   In  sealed  containers  of  not  more   than   5   gallons  capacity  and 

in  barrels,   drums  or  tanks  not  ^  exceeding  60  gallons  capacity.      (Total 

quantity   to  be   stored   in   this   manner   unlimited.) 
Cldss    III,    In    sealed    containers    not    exceeding    5    gallons    capacity,    in 

barrels   and    drums    and    in    tanks   not   exceeding    i2q    gallons   capacity. 

.(Total  quantity  to   be  stored  in  this  manner  unlimited.)  .   . 

In   other   than   frame    buildings: 

Class   I,    Not   exceeding    50   gallons    in    sealed   containers   or    safety    cans 

.  of  not  more  than   i   gallon  capacity. 

Class  II,  In  sealed  containers  or  safety  cans  of  not^^^^{^^i^(^^XBllona 
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capacity,  in  (!lrnms  and  barrels  and  in  tanks  not  exceeding  120  gallons 
capacity.      (Total  quantity  to  be  stored  in  this  manner  unlihiited.) 
Class    III,    In    sealed    containers,    drums    and    barrels    and    in    tanks    not 
exceeding   240   gallons  dapacity.      (Total  quantity  to   be  stored   in  this 
manner  unlimited.) 

Section  29.  Special  rooms  for  storage  of  inflammable  liquids  and  the 
handling  and  use  of  inflammable  liquids  shall,  where  called  for  iki  this 
ordinance,  be  constructed  as  follows:  Walls,  floors  and  ceiling  to  'be  of  eight 
inches  of  brick  or  concrete,  or  four  inches  of  reinforced  concrete;  door 
openings  to  other  rooms  or  buildings  to  be  provided  with  sills  raised  six 
inches  and  with  automatically  closing  fire  doors;  windows  to  be  wired  glass 
in  metallic  sash  and  frames;  no  combustible  material  used  in  constfuctlon, 
except  that  floor  surfacing  may  be  of  wood;  proper  ventilation  provided; 
no  opening  to  rooms  below  e^^cept  as  zkiade  necessary  by  trade  or  manu- 
facturing process,  and  openings  to  rooms  and  other  parts  of  building  above 
to  be  provided  with   automatically  closing  fire  doors  or  trap  doors. 

Section  30.  Except  where  kept  in  sealed  containers,  Class  I  liquids 
shall  be  kept  in  storage  tanks  underground  or  outside  the  building  Sind  no 
discharge  system  shall  have  outlet  inside  building  unless  in  a  special  room 
as  given  in  Section  29.  Provided  that  safety  cans  of  not  over  ten  gallons 
capacity  may  be  used,  except  that  if  of  over  one  gallon's  capacity,  they 
must  be  kept  and  used  in  special  rooms  as  given  in  Section  29. 

Section  31.  No  container  containing  Class  II  liquid  and  of  over  five 
gallons  capacity  may  be  used  to  fill  other  containers  and  appliances,  unless 
kept  outside  the  building  or  in  a  special  room,  as  given  in  Section  29,  and 
all  drawing,  except  from  safety  cans,  shall,  where  the  natiire  of  the  liquid 
permits,   be  as  provided   for  in   Sections  66  and  67. 

Section  32.  Any  building,  othef  than  a  frame  building,  within  the  fife 
limits  containing  more  than  500  gallons  of  inflammable  liquids  in  other 
than  sealed  containers,  must  have  all  windows  in  side  and  rear  walls  and 
above  the  first  floor  on  street  fronts  exposed  by  another  building  within 
fifty   feet,  provided   with   wited   glass   in   metallic   sash   and   frame. 

Section  33.  Any  manufacturing  plant  hereafter  estoblished  in  a  building 
in  which  persons  are  employed  above  the  second  story,  shall  have  all  rooms 
in  which  Class  I  and  II  liquids  are  mixed  or  stored  in  receptacles  per- 
mitting  the   escape   of   vapor   constructed    as   given   in   Section    29. 

Section  34.  In  existing  manufacturing  plants  where  persons  are  employed 
above  the  second  floor,  all  elevator,  stair  and  other  wells  or  vertical  openings 
communicating  to  rooms  in  which  Class  I  and  II  liquids  are  mixed  or 
stored  in  receptacles  permitting  escape  of  vapor,  must  be  inclosed  and 
provided   with   automatic   fire  doors  or  trap   doors. 

Section  35.  No  manufacturing  plant  shall  be  located  in  any  building 
used  as  a  dwelling  fdr  more  than  one  family  unless  all  Class  I  liqiiids  are 
kept  in  safety  cans,  not  exceeding  one  quart  in  capacity,  or  in  outside 
storage  tanks  as  given  in  Chapter  III,  with  no  discharge  inside  the  building. 

Section  36.  Kettles,  vats,  saturators  and  other  vessels  used  in  manufac- 
turing processes,  and  containing  more  than  five  gallons  of  inflammable  liquid, 
must  not  be  located  within  five  feet  of  combustible  material  nor  within  five 
fefct  of  any  exit,  unless  two  or  more  exits  are  provided,  and  all  combustible 
floor  thereunder  within  a  radius  of  ten  feet  must  be  protected  with  non-com- 
bustible  covering.  All  kettles  and  other  open  vessels  must  be  provided  with 
substantial  covers  operating  automatically  or  which  can  be  easily  and  readily 
placed  in  position. 

Section  37.  Rooms  in  which  Class  I  and  II  liquids  are  used  in  open 
vats,   pans   or   other  vessels,   or  in  which  Classes  I.   II   andIH/-4ie*^9  are 
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heated  or  otherwise  treated  in  such  manner  as  to  product  inflammable  vapor, 
shall  be  well  ventilated.  Where  natural  ventilation  is  not  sufficient,  ventila;tion 
may  be  obtained  *  as  provided  in  Section  no,  or  a  trench  or  trough  located 
in  the  lowest  portion  of  the  room,  near  any  appliance  emitting  inflammable 
vapor  may  be  used,  such  trough  to  be  not  less  than  six  inches  deep,  open 
except  for  screens  or  grating  and  sloping  downward  to  the  outside  of  the 
building  to  a  point  acceptable  to  the  inspection  department  having  juris- 
diction; or  a  ventilation  system  Or  any  other  special  systems  meeting  the 
intent  of  this  section  may  be  used,  when  approved  by  the  inspection  depart- 
ment having  jurisdiction. 

Section  38.  Where  inflammable  liquids  are  kept,  used  or  handled,  dty 
sand,  ashes,  chemical  extinguishers  or  other  fire  retardants  shall  be  provided 
in  such  quantities  and  with  such  pails,  scoops  and  other  Are  appliances  as 
may  be  directed  by  the  inspection  department  having  jurisdiction.  A  rea- 
sonable quantity  of  such  loose  non-combustible  absorbents  as  mentioned  above 
shall  be  kept  conv^ient  for  use  in  case  of  excessive  oil  leakage  or  overflow. 

Section  39.  Inside  the  Are  limits,  barrels  and  drums  containing  Class  I,  II 
or  III  liquids  stored  outside  any  building  must  not  be  piled  upon  each 
other  nor  stored  in  a  passageway  or  beneath  any  window  and  no  open  lights 
shall  be  permitted  in  any  such  storage  yard. 

Section  40.  Drums  or  barrels  for  inflammable  liquids  shall  have  caps, 
plugs  and  bungs  replaced  immediately  after  package  is  emptied. 

Section  41.  In  all  rooms  or  parts  of  buildings  which  contain  inflammable 
liquids  in  open  containers  or  in  which  the  vapors  from  inflammable  liquids 
are  present,  or  In  which  inflammable  liquids  are  used  in  any  manufacturing 
process,  the  carrying  of  matches  is  prohibited,  and  smoking  shall  be  a 
misdemeanor.  Suitable  signs  lettered  SMOKING  PROHIBITED  BY  ORDER 
OF  THE  CHItF  OF  THE  FIRE  DEPARTMENT  shall  be  displayed. 

Section  42.  Ififlammabie  liquids  shall  not  be  drawn  nor  handled  in 
the  presence  of  open  flame  or  fire,  but  may  be  drawn  and  handled  when 
lighting  is  by  incandescent  electric  lamps  installed  in  compliance  with  the 
rules  and  regulations  of  the  "National  Electrical  Code;"  said  rules  and 
regulations  are  hereby  made  a  part  of  the  requirements  of  this  ordinance 
as   affecting    all   electrical   equipment. 

Section'  43.  No  portable  wheeled  tank  for  the  handling  of  inflammibk 
liquids  inside  buildings  shall  exceed  sixty  gallons  capacity.  Tank  must  be 
of  iron  or  steel,  3/1 6-inch  thick,  with  all  openings  at  the  top  and  screened 
with  30  X  mesh,  or  equivalent,  brass  wire  screen.  Wheels  must  h6  irubber 
tired  and  tanks  so  hung  as  not  to  be  tipped  over  in  ordinary  usage. 
Liquids  must  be  drawn  fiom  tank  by  means  of  a  tight  fitting  pump  or  equiva- 
.  lent  device  which  will  not  permit  continuous  flow  in  case  of  mishkp  or 
defective  operation. 

Section  44.  The  handiing  or  boring  of  any  inflammable  liquid  wltbfn 
dangerous  proximity  to  open  flame   or  fire  is  expressly  prohibited. 

Storage  Tailks — Capacity,  Loeation  and  Restriction 

Section  45.  Except  as  otherwise  permitted  in  this  ordinance,  the  stora^ 
of  inflammable  liquids  shall  be  outside  buildings,  in  underground  tan^  ot 
above  ground  tanks;  except  that  the  storage  in  tanks  above  ground  and 
outside  buildings  is  prohibited  within  the  following  limits:  (Note. — ^Thcse 
limits  to  be  specified;  they  should  inckide  the  mercantile  and  other  con- 
gested districts  and  land  near  streams  or  other  watfer  ways  which  would 
carry   burning   liquid   into    congested    districts.) 

Section  46.  Tanks  located  underground  shall  have  top  of ,  tank  at  least 
three    feet    below   the    surface    of    the    ground,    and    below  b^herCifcQ'^ld^   the 


I40 


F^RE  Prevention  and  Protection. 


lowest  pipe  in  the,  building  to  be  supplied.  Tanks  may  be  .pe,rmitted  under- 
neath a  building  if  buried  at  least  three  feet  below  the  lowest  floor.  Tanks 
shall  be  set  on  a  firm  foundation  and  surrounded  with  soft  earth  or  sand» 
well  tamped  into  place  or  encased  in  concrete.  Tank  may  have  a  test  ..well, 
provided  test  well  extends  to  near  bottom  of  tank,  and  top  end  shall  be 
hermetically  sealed  and  locked  except  when  necessarily  open.  When  tank 
is  located  underneath  a  building,  the  test  .well,,  shall  .extend  at  least  twelve 
feet  above  source  of  supply.  The  limit  of  storage  permitted  shall  depend 
upon  the  location  of  tanks  with  respect  to  the  building  ta  be  supplied  and 
adjacent  buildings,  as  follows:  ■  .     ■ 

(a)  Unlimited  capacity  if  lower  than  any  floor,  basement,  cellar  or  pit 
in  any  building  within  a  radius  of  fifty  feet.  ' 

(b)  20,000  gallons  total  capacity  if  lower  than  any  floor,  basement,  cellar. 
or   pit   in   aijy   building   within   thirty   feet   radius. 

(c)  5,000  gallons  total  capacity  if  lower  than  any  floor,  basement,  cellar 
or  pit  in  any  building  within  twenty  feet   radius. 

(d)  1,500  gallons  total  capacity  if  lower  than  any  floor^  basement,,  cellar 
or   pit   in   any   building   within   ten   feet   radius. 

(e)  500  gallons  if  not  lower  than  every  floor,  basement,  cellar  or  pit  in 
any  building  within  ten  feet,  in  which  case  it  must  be  entirely  encased  in 
six  inches  of  concrete. 


i -^ n    1  .  (J~y so- 

Fig.   1.— Showing  Permissible  Quantity  as  ApFECtED  by  Location 

Editor's  Note. — In  connection  with  the  requirement  for  the  depth 
of  bury  necessary  for  tanks,  the  following  extract  from  the  Scien- 
tific '  American,  August  25,  1908,  is  given,  to  show  that  the  3  feet 
required  is  ample. 

PENETRATION  OF  HEAT  IN  EARTH 

"  The  Hanover  fire  department  made  a  series  .of  experiments  for  .  deter- 
mining the  penetration  of  the  soil  by  the  heat  of  a  fire  above  it.  Three, 
hroiad  piles,  about,  three  feet  high,  and  three  feet  slqiuafe,  with  slopes  -of  45 
degrees,  were  constructed  of  dry  sand,  nearly  dry  clay,  and  wet  rubbish. 
On  each  pile  was  erected  a  brick  furnace,  in  which  a  hot  fire  of  coke  was 
maintained,  so  that  the  tapper  surface  Of  the'  piles  inside*  t^C*  furnaces  acquired 
a  temperature  of  about  2^200  degrees  F.,  which  is.  seldom  or  never  attained 
by  the  bottom  of  a  heap  of  ruins  in  a  conflagration.  Thermometers  and 
fpsible.  balls  were  buried,  in  the  piles  at  depths  of  4,  12,  20,  30  and  40  inches 
belo>jr   the  surface,   and  were  examined   hourly. 

"  It  was  found  that  even  very  thin  layers  of  earth  have  a  great,  poyrer  of 
thermal  insulation.  In  the  pile  of  rubbish,  for  example,  after  the  fire  on 
top  had  been  burning  21  hours,  the  temperatures  In  Fahrenheit  degrees  were: 
518  at  the  depth  of  4  inches,    185  «at   12  inches,   122  at  20  inches,  68  at  30 

inches,  and  62%  at  40  inches.     Moisture  was  found  to  retard  rthe^Denetration  . 

igi  ize     y  ^ 
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of  heat  very  greatly.  In  the  wet  pile,  at  the  small  depth  of  4  inches,  the 
temperature  remained  at  21  i  degrees  F.  (the  boiling  point  of  water)  until 
the   moisture  had  been  almost  entirely  evaporated. 

**  At  the  depth  of  20  inches,  46  hours  of  firing  were  required  to  raise  the 
temperature  to  15S  degrees  F.,  the  average  boiling  point  of  commercial  gaso- 
line, and  at  40  inclKS  below  the  surface  only  a  very  small  rise  of  temperature 
was  produced  by  70  hours  of  brisk  firing. 

**  Hence  it  appears 'qtiite  sufficient  to  put  the  highest  part  of  the  gasoline 
reservoir  20  inched  below  the  surface  of  the  ground,  for,  apart  from  the 
improbability  that  a  surface  temperature  of  2,200  degree^  F.  will  be  main- 
tained during  46  hours  as  thie  result  of  a  conflagration,  gasoline  could  not  be 
caused  to  boil  by  a  temperature  of  160  or  170  degrees  F.,  produced  by  a  fire 
above,  because  of  the  cooling  of  the  reservoir  by  the  colder  strata  of  earth 
below. 

*•  The  cause  resulting  in  this  test  was  the  great  fire  in  the  Victoria  Ware- 
houses in  Berlin,  where  more  than  30,000  gallons  of  gasoline,  stored  in  an 
underground  reservoir,  lay  under  a  pile  of  burning  ruins  for  twenty-four 
hours.  The  explosion,  or  even  the  combustion  of  this  quantity  of  gasoline, 
.  would  have  entailed  a  great  direct  loss,  and  would  alsp  have  given  the  con- 
flagration  a   vastly  more  serious  character." 

Section  47.  Outside  the  limits  given  in  Section  45,  the  capacity  of  eaclw 
outside  above  ground  storage  tank  used,  designed  or  intended  for  Class 
I  and  II  liquids  shall  be  limited  as  given  in  Column  A  of  Table  I.  For 
Class  III  liquids  a  storage  double  that  given  in  Column  A,  Table  I,  will 
be  permitted. 

Editor's  Note. — Since  the  date  of  issue  of  this  proposed  ordinance,  approval 
has  been  giveif  by  the  Underwriters*  Laboratories  to  the  Erwin  foam  extin- 
guisher— see  page  618,  which  in  the  opinion  of  some  authorities  is  of  such  value 
as  to  permit  a  closer  spacing  of  tanks  than  given  in  these  requirements,  or 
about  double  these  permitted  quantities  for  the  same  spacing. 

Tablb  r 
Capacity  of  Outside  Above  Ground  Storage  Tanks  for  Class  I  and  II  Liquids 


COLUMNiA 

Minimum  Distance  of  Tanks 

1  •• 
To  Line  of  Adjoining 

^ 

Capacity  of  Tank,  Gallons 

Property  which  may 
be  Built  Upon* 

To  Any  Other  Tank 

300  or  less 

5  feet 

2  feet 

500      " 

10    " 

2    " 

1,000       " 

20    " 

2    " 

8.000       '' 

25    " 

2    " 

12.000       " 

30    " 

2    " 

18.000       " 

40    " 

3    " 

24,000       " 

50    " 

3    " 

30.000       " 

60    " 

3    " 

48,000       " 

75    " 

3    " 

75.000       " 

85    " 

3    " 

100.000       " 

100    " 

15    " 

150.000       " 

150    " 

.        25    " 

250,000       " 

250    " 

35    " 

500,000      " 

300    " 

50    " 

1,000.000       " 
Unlimited     " 

350    " 

75    " 

400    " 

200    " 

^  In  general  this  distance  should  apply  to  the  distance  away  from  any  build- 
ing, even  those  in  connection  with  the  plant  itself,  and  should  ij\^m cases 
apply  to  buildings  where  open  fiame  may  be  used. — Editor's  Note.' 
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Sectioa  48.  Each  above  ground  tank,  inside  or  outside  buildings^  over 
lyooo  gallons  in  capacity,  must  have  all  manholes,  band  holes,  vent  openjings 
and  other  openings,  which  may  contain  inflammable  vapor,  provided  with 
20  X  20  mesh,  brass  wire  screen,  or  its  equivalent,  so  attached  as  to  com- 
pletely cover  the  opening  and  be  protected  against  clogging.  A  safety 
valve  must  be  provided,  or  manhole  covers  must  be  kept  closed  by  weight 
only,  and  not  firmly  attached.  The  screen  on  such  opening  may  be  made 
removable,   but   must   be   kept  normally   firmly   attached. 

Section  49.  Above  ground  tanks  for  Class  X  and  II  liquids  outside  build- 
ings shall  have  painted  conspicuously  upon  their  side,  in  letters  at  least  2 
inches  high,  the  wording,  "  INFLAMMABLE— KEEP  FIRE  AWAY." 

Section  50.  Except  existing  tanks  in  good  condition,  aU  tanks  outside 
buildings,  either  above  or  below  ground,  and  all  tanks  for  Class  i  liquids 
inside  buildings,  as  permitted  by  this  ordinance,  shall  be  made  of  galvanized 
steeK  basic  open  hearth  steel  or  wrought  iron  of  a  minimum  gauge  U.  S. 
Standard  depending  upon  the  capacity  or  six«  as  given  in  Tables  2,  3  and  4. 

.    TAW.Jt    9 

Underground  tanks. inside  the  limits  prescribed  in  Section  45,  or  within 
10    feet    of    a    building    when    outside    such    limits. 

Minimum 
Capacity  (Gallons)  Thickness  of  Material 

i  to      860 14 

Sei  to.  1,100 12 

1,101  to    4,000 7 

4,001  to  10,500 

10,501  to  20.000 

20,001  to  30,.OOQ 

Table  a 

Underground  tanks  outside  limits  as  described  in  Section  45,  provided 
the  tanks  are   10  feet  or  more  from  a  building. 

Minimum 

Capacity  (Gallons)  Thickness  of  Material 

1  to        30 18 

31  to       350 16 

351  to    1,100 14 

1,101  to    4,000 7 

4,001  to  10,500 

10,501  to  20,000 

20,001  to  30,000 


f- 


Table  4 
Above  Ground  Tanks. 

(a)  Horizontal  or  vertical  tanks  not  over    1,100   gallons  capacity. 

Minimum 
Capacity  (Gallons)  Thickness  of  Material 

1  to       30 18 

31  to     350 16 

351  to  1,100 14 

(b)  Horizontal    tanks    over    1,100    gallons    capacity. 

Minimum 
Maximum  Thickness  of  Material 

Diameter  Shell  Heads 

Not  over  5  feet 10  7 

5  feet  to    8  feet 

8  feet  to  11  feet 


7  ^  II 
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(c)  Vertical   tanks  over    i^ioo  gallons  capacity. 

Under  40  feet  in  diameter  and  containing  not  more  than  s>ooo  gallons: 

Bottom  No.  8  gauge 
Bottom  Ring  No.  8  gauge 
Other  rings  No.  10  gauge 
Top  No.  12  gauge 

Unlder   40   feet    in    diameter   and  containing   more    than    5,000   gallons   bttt 
not   more   than    1 0,000  gallons. 

Bottom  No.  8  gauge 
Bottom  Ring  No.  7  gauge 
Other  rings  No.  8  gauge 
•  Top  No.  12  gauge 

Other    vertical    tanks    to    be    of    thickness    not    less    than    Indicated    in    the 
following  table,  the  figures  referring  to  U.   S.   Standard  gauge:     . 


Diameter 

Top 

Top 

Rmg 

2d 
Ring 
from 
Top 

3d 
Ring 

4th 
Ring 
from 
Top 

5th 
Ring 
from 
Top 

6th 
Ring 
from 
Top 

Bot- 
tom 

Feet 
80 

10 
10 
10 
10 
10 
10 
10 
10 
10 

7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 

3 
4 
4 
5 
5 
6 
7 
7 
7 

0 

1 
1 
1 
2 
3 
4 

3-0 
2-0 
2-0 

0 

0 

1 

1 

3 

3 

5-0 
4-0 
4-0 
.3-0 
2-0 
»^) 

0 

1 

2 

10 

75 

10 

70 

10 

65 

10 

60 

10 

55 

10 

50 

10 

45 

10 

40  and  less 

10 

All  riveted  joints  to  have  an  efiiciency  of  at  least  60  per  cent. 

Tanks  of  greater  capacity  than  given  above  shall  be  of  material  of  suf- 
ficient thickness  to  safe^  hold  the  contents,  and  proportionately  heavier.  No 
vertical  tanks  shall  be  more  than  30   feet  high. 

Section  51.  With  the  approval  of  the  Inspection  Department  having  juris- 
diction, tanks  of  copper  or  other  suitable  material  may  be  used,  if  after 
the  necessary  handling  incident  to  installation  they  conform  to  the  value 
given  above  as  to  •trength,  rigidity,  durability  and  tightness. 

Section  53.  Tank?,  Sihall  be  riveted,  welded  or  brazed,  and  shall  bf 
soldered,  caulked  or  otherwise  made,  tight  in  a  mechanipal  and  workmanlike 
manner,  and  if  to  be  used  with  a  pressure  discharge  system  shall  safely 
sustain  a  hydrostatic  test  at  least  double  the  pressure  to  which  tank  may  be 
subjected.  Top  of  tank  to  be  securely  fastened  to  top  ring,  with  joints  of 
equal  tightness  to  those  between  rings.  They  shall  be  covered  with  asphaltum 
or  other  non-rusting  paint  or  coating.  All  pipe  connections  shall  be  made 
through  flanges  or  reinforced  mett^l  securely  riveted,  welded  or  bolted  to 
tank  and  made  thoroughly  tight. 

Section  53.  Tanks  must  be  set  upon  a  firm  foundation,  and  outside  tanks 
when    above    ground^   except    portable    tanks,    must    be    electrically    grounded. 

Tanks  more  than  one  foot  above  the  ground  must  have  foundation  and 
supports  of  non-combustible  materials,  except  wooden  ci^shions;  no  com- 
bustible material  shall  be  permitted  under  or  within  ten  feet  of  any  above 
ground  outside  storage  tank. 

Tanks  containing  crude  petroleum  shall  be  surrounded  by  an  embank- 
ment or  wall  of  sufficient  height  to  provide  storage  equal  to  one  and  a  half 
tiai^s   the   edacity   of    the   t«nkt 
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Section  54.  Stationary  tanks  inside  buildings  for  the  handling  of  lic[uids 
of  Classes  II  and  III,  where  permitted  in  this  ordinance,  shall  be  made'  of 
soft  galvanized  iron,  or  tin  plate  suitable  for  the  purposes.  Cylindrical 
tanks  of  120  gallons  or  less  capacity  shall  be  made  of  material  with  a 
minimum  thickness  of  No.  20  gauge  U.  S.  Standard;  rectangular  tanks  of 
800  gallons  or  less  capacity  shall  be  made  of  material  with  a  minimum 
thickness  of  No.  14  gauge  U.  S.  Standard.  Correspondingly  heavier  gauge 
metal  must  be  used  for  longer  tanks.  All  joints  must  be  locked,  double 
seamed  or  riveted.  All  joints  must  be  soldered  or  made  tight  by  some 
equally  satisfactory  method.  All  such  tanks  shall  be  so  located  that  the 
pump  or  other  drawing  off  device  shall  not  be  below  the  first  floor,  and  the 
floor  for  a  radius  of  at  least  three  feet  from  pump  shall  be  of  non-com- 
bustible materials  or  covered  with  metal.  Tanks  similar  to  those  given  in 
Section  50  may  also  be  used,  or  original  barrels  or  drum  may  be  used 
until  contents  are  drawn,  if  substantially  placed  to  prevent  tipping  or  rolling, 
with   pump    inserted   through   a   close   fitting   connection   in   head   or   side. 

Piping  and  Other  Ai>purtenances 

Section  55.  All  connections  frpm  .tank 'fo  any  house  or  sub-surface  drainage 
system  shall  be  so  arranged  as  to  prevent  the  flow  of  inflammable  liquid  to 
any  such  system  or  the  leakage  of  any  inflammable  gases  from  such  fluid, 
or  properly  constructed  inflammable  fluid  collectors  shall  be  provided  in  such 
connection. 

Section  56.  All  underground  storage  systems  or  Class  I  liquids,  in  which 
the  tank  may  contain  inflammable  gases,  shall  have  at  least  a  i-inch  vent 
pipe,  run  from  top  of  tank  to  a  point  outside  of  the  building  and  acceptable 
to  the  Inspection  Department  having  jurisdiction,  but  vfhich  shall  end  at  lea^t 
12  feet  above  level  of"  source  of  supply  and  in  a  location  remote  from  fire 
escapes  and  never  nearer  than  three  feet,  measured  horizontally  and 
vertically,  from  any  window  or  other  opening,  the  tank  vent  pipe  shall  ter- 
minate in  a  goose-neck  protected  in  the  outer  end  by  a  30  x  30  mesh  or  equiva- 
lent brass  wire  screen.  Or  a  combined  vent  and  filling  pipe,  so  equipped 
and  located  as  to  vent  the  tank  at  all  times,  even  during  filling  operations, 
may  be  used.  The  vent  pipes  from  two  or  more  tanks  may  be  connected 
to  one  upright,  provided  they  be  connected  at  a  point  at  least  one  foot 
above  level  of  source  of  supply. 

Section  57.  All  dra wing-off  pipes  terminating  inside  of  any  building  shall 
have  valve  at  the  discharge  end;  when  delivery  is  by  gravity,  pipes  shall 
have  valve,  which  shall  preferably  be  of  the  automatically  closing  type,  and 
in   addition   must  have  emergency  valve. 

Section  58.  Where  tanks  are  above  ground  there  shall  be-  a  valve  located 
near  the  tank  in  each  pipe.  In  case  two  or  more  tanks  are  cross-connected 
there  shall  be  a  valve  near  each  tank  in  each  cross  connection. 

Section  59.  Pumps  delivering  to  or.  taking  supply  from  above  ground 
storage  tanks  shall  be  provided  with  valves  on  both  suction  and  discharge 
side  of  pump,  and  check  valve   when   delivering  to   tank. 

Section  60.  Where  underground  tanks  are  used^  all  pipes  carrying  volatile 
inflammable  fluids,  except  in  dry-cleaning  establishments,  shall  pitch  toward 
tanks   without   any  traps  or   pockets,   and   shall   enter   tank  at   the  top.  ' 

Section  61.  All  pipes  used  In  systems  for  inflammable  liquids  shall  be 
of  standard  full  weight  brass,  galvanized  iron  or  steel,  with  suitable  brass 
or  galvanized  malleable  iron  or  steel  fittings,  or  of  double  wall  lead  with  an 
inert  gas  in  the  annular  spaces  between  wall  at  all  times  the  inner  pipe 
contains  inflammable  liquid.  No  rubber  nor  other  packings,  and  no  flanges, 
shall  be  used.  If  unions  are  used,  at  least  oiie  face  |^gf^y  fe^fcj^^tef  with 
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close  fitting  conical  joints.  Litharge  and  glycerin,  shellac  or  other  suitable 
material  shall  be  used  on  pipe  joints.  Outside  piping  must  be  protected  against 
any  mechanical  injury  when  within  5  feet  of  ground  level.  Inside  piping 
must  be  rigidly  supported. 

Section  62.  Defective  and  leaking  piping  must  be  made  tight  immediately 
or  replaced. 

Section  63.  Piping  carrying  Class  I  and  II  liquids,  unless  without  joints 
or  connections,  shall  not  extend  through  any  room  which  contains  any 
open  light  or  fire. 

Section  64.  The  end  of  the  filling  pipe  for  underground  storage  tanks 
for  Class  I  and  II  liquids  shall  be  carried  to  an  approved  location  outside 
of  any  building,  but  not  within  5  feet  of  any  entrance  door,  or  cellar  opening, 
and  shall  be  set  in  an  approved  metal  box  with  cover  which  shall  be  kept 
locked  except  during  filling  operations;  this  filling  pipe  shall  be  closed  by  a 
screw  cap.  A  30  x  30  mesh  or  equivalent  brass  screen  strainer  shall  be 
placed   in   the   supply  end   of   filling  pipe. 

Section  65.  Deliveries  of  inflammable  liquids  of  Class  I  and  II,  where 
practical,  shall  be  made  directly  to  the  storage  tank  through  the  filling  pipe 
by  means  of  a  hose  or  pipe  between  the  filling  pipe  and  barrel,  tank  wagon 
or  tank  car  from  which  such  liquid  is  being,  drawn. 

Section  66.  Except  as  permitted  in  Section  68,  inflammable  liquids  shall 
be  drawn  from  tanks  by  pumps  so  constructed  as  to  prevent  leaking  or  waste 
splashing,  or  by  some  other  system  approved  by  the  Inspection  Department 
having  jurisdiction,  with  controlling  apparatus  and  piping  so  arranged  as  to 
allow  control  of  the  amount  of  discharge  and  prevent  leakage  or  discharge 
inside  the  building  by  any  derangement  of  the  system.  When  inside  a 
building,  the  pump  or  other  dra wing-off  device  shall  be  located,  on  or  above 
the    grade   floor,   preferably    near   an   entrance    or   other   well-ventilated    place. 

Section  67.  Except  as  permitted  in  Section  68,  no  tanks,  drum  nor  other 
containers  inside  a  building,  or  discharging  inside  a  building,  shall  be 
provided  with  a  faucet  or  other  bottom-drawing  device  which  will  permit 
the  gravity  flow  of  liquids  inside  the  building.  Pipe  shall  not  terminate  at 
any   point   lower   than    the   level   of   source    o£   supply. 

Section  68.  The  Inspection  Department  having  jurisdiction  shall  permit 
the  storage  and  gravity  flow  of  inflammable  liquid  in  refineries  and  in  manu- 
facturing and  jobbing  plants  where  the  nature  of  the  manufacturing  process 
requires  such  storage  and  flow,  and  also  the  storage  and  gravity  flow  of 
commodities  of  Classes  II  and  III  in  stores,  plants  and  establishments,  where 
the  nature  of  the  liquid  will  not  permit  pumping.  Provided  that  the  contents 
of  tanks  holding  Class  I  liquid  shall  be  sufficient  only  for  one  day's  opera- 
tion and  such  storage  shall  be  in  rooms  as  called  for  in  Section  29. 

Section  71.  Pumps  must  be  equipped  with  a  pressure  gauge  for  oil  and 
the  system  shall  be  so  arranged  that  the  oil  pressure  cannot  at  any  time 
exceed  60  pounds,  a  relief  valve  to  be  provided  to  return,  surplus  oil  back 
to  the  supply  tank  when  the  pressure  exceeds  this  quantity. 

If  receivers,  accumulators  or  standpipes  are  provided,  they  must  be  so 
arranged  that  the  oil  may  drain  back  to  the  supply  tank. 

Section  78.  Containers  of  petroleum  Qass  I  and  II  liquids  shall  be  painted 
red  and  be  conspicuously  lettered  in  black,  "  Dangerous — Keep  Lights  and 
Fires  Away  and  Store  Outside  Btdlding."  Containers  of  Class  III  liquids 
shall  be  painted  green  and  have  conspicuously  marked  in  white  letters,  "  In- 
fl>ihimable  Liquid — Keep  Fire  Away  and  Store  Outside  Building."  It  shall 
be  a  misdemeanor  to  keep  or  place  the  above  mentioned  liquids  in  containers 
other  than  those  markeid  as  designated,  or  to  use  the  containeri^  |ofQi0Q4t^r 
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iiqoidB  or  substances  tlutii  those  specified,  or  fadl  to  keep  their  exterior  clean 
so  tbart  coioring  ^id  lettering  axe  easily  distinguisfaal^. 

Garages 

Section  85.  A  garage  shall  be  construed  to  mean  a  building  in  which  are 
housed,  for  rent,  care,  demonstration,  storage  or  sale,  self-propelled  vehicles 
or  other  wheeled  machines,  containing  in  the  tanks  thereof  inflammable 
liquids  for  fuel  or  power;  also  all  parts  of  the  building  and  all  adjoining 
structures  or  buildings  not  cut  off  by  an  unpierced  fire  walL 

Section  86.  ,  No  garage  shall  be  allowed  or  kept  in  any  building  used  for 
a  school,  place  oi  assembly  or  detention,  hotel,  apartment,  tenement  or  lodging 
house,  or  within  50  leet  of  any  school,  place  of  assembly  or .  detention.  Any 
building  erected  or  remodeled  as  a  garage  and  occupied  in  part  as  an  office 
building,  manufacturing  estajblishment,  warehouse  or  store,  shall  have  such 
parts  entirely  cut  oif  from  the  portion  used  as  a  garage,  by  unpierced  fire 
walls  at  least  .12  inches  thick  and  by  fireproof  floors,  and  shall  be  provided  \ 
with  adequate  means  of  exit  independent  of  that  used  for  th^  garage.  All 
windows  in  the  first  two  floors  above  parts  used  as  a  garage  shall  be  provided 
with   wired-glass   windows   in  metal    frames. 

Section  88.  All  garages  erected  in  the  future,  except  as  hereinafter  specified 
as  private  garages,  shall  be  of  fireproof  construction.  All  trim  or  other 
interior  finish  must  be  of  metal  or  of  other  non-inflammable  material  approved 
by  the  Building  Inspector.  Floor  finish  shall  be  smooth  and  of  concrete, 
brick  or  other  incombustible  material. 

Section  89.  No  rooms,  nor  open  or  closed  spaces  of  any  character,  shall 
be  permitted  below  the  floor  level  in  any  building  erected  or  used  for  garage 
purposes,  and  no .  floor  shall  be  entirely  below  the  street  level. 

All  elevators  and  stairways  in  garages  shall  be  enclosed  with  fireproof 
materials.  All  openings  in  stair  or  elevator  enclosures  shall  be  protected 
with  automatic  fire  doors  approved  for  this  purpose. 

Section  91.  Where  buildings  are  now  being  used  for  garage  purposes, 
in  which  wooden  floors  .exist,  sufficiently  large  and  fluid-tight  metallic  drip 
pans  shall  be  placed  under  all  motor  vehicles,  and  all  floors  shall  be  well 
cleaned  and  mopped  each  day  with  a  strong  alkali  or  other  non-inflammable 
grease   solvent   solution. 

Section  92.  All  automobile  garages  or  shelters  housing  not  more  than 
three  motor  vehicles  shall  be  known  as  private  garages.  A  private  garage 
located  within  10  feet  of  any  other  building  must  be  of  fireproof  construction 
as  called  for  in  Section  88.  If  more  than  10  feet  from  any  building,  it  must 
be  built  of  non-combustible  material  throughout,  except  that,  if  outside  the 
^re  limits  and  not  closer  than  30  feet  to  any  building,  it  may  be  constructed 
of  combustible  material,  except  walls,  floors  on  which  automobiles  are  kept 
and  roof  coverings,  which  shall  be  non-combustible.  All  portions  of  the 
builditig  used  for  other  purposes  must  be  cut  off  from  such  storage  t>iace 
by  unpierced  firepiroof  walls  and  floors. 

Section  93.  The  heating  for  all  buildiitgs  used  for  garage  purposes  must 
be  done  by  steam  or  hot  water.  All  boiler  or  other  furnaces,  forges  or 
other  exposed  fires,  lights  or  spailc^mitting  devices  or  machines,  and  all 
repair  shops,  if  on  or  below  the  topmost  floor  where  Class  I  liqtiids  are 
present,  must  be  in  a  room  separated  from  all  other  parts  of  the  garage  b^ 
an'  unpierced  fire  wall  at  least  eight  (8)  inches  thick.  Such  appliances  may 
be  kept  in  the  garage  if  in  a  fireproof  room  8  feet  above  the  top-most  floor 
where  Class  I  liquids  are  present,  provided  all  doors  and  openings  between 
tnch  rooms  and  other  parts  oi  the  garage  are  P5*^^^Ct!^  standard  lelf* 
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closing  fire  doors  kept  closed.  All  such  rooms  must  be  ventilated  at  floor 
line  as  described  in  Section  97.  Lighting  shall  be  as  given  in  Section  42. 
No  flame  lights  shall  be  allowed  lit  on  automobiles  in  a  garage  except 
immediately  after  entering  and  immediately  before  leaving  the  garage. 

Section  94.  All  reserve  and  storage  of  Class  I  and  II  liquids  must  be 
stored  in  underground  tanks.  No  Class  I  liquid  shall  be  kept  inside  a 
garage  except  that  contained  in  the  reservoirs  of  motor  vehicles  and  in  the 
measuring  pumps  used  for  filling;  provided,  however,  that  there  may  be 
in  each  garage  one  or  more  approved  portable  wheeled  tanks  not  exceeding 
sixty-  gallons  capacity,  to  be  used  for  transferring  such  liquids  from  the 
storage  tank.  The  reservoirs  of  motor  vehicles  shall  be  filled  directly  through 
hose  from  pump  attached  to  such  portable  tank,  or  by  hose  coupled  to  a 
permanent  filling  station  connected  with  the  main  storage  tank.  No  transfer 
of  Class  I  or  II  liquids  in  any  garage  shall  be  made  with  open  containers. 
Hose  for  use  in  connection  with  the  permanent  filling  station  or  portable 
tank  shall  be  of  such  design  and  material  as  to  prevent  leakage.  The  port- 
able wheeled  tank  must  be  as  described  in  Section  43. 

The  use  of  gasoline  for  cleaning  any  parts  of  an  automobile  is  prohibited, 
except  in  a  special  room  as  provided  for  in  Section  29,  and  ventilated  as 
given  in  Section  37,  and  used  for  this  purpose  only,  or  outside  of  any 
building  and  at  least   xo   feet   from  any  opening  in  any   buildings. 

Section  95.  All  underground  tanks  shall  comply  with  the  requirements 
given   in   Sections  46,   50,   51    and   52.  1 

Section  96.  Pumps  and  other  drawing-off  appliances  shall  ^  as  given  in 
Sections  55,  56,  57,  60,  61,  63,  64,  65  and  66.  The  drawing  of  any  inflam- 
mable liquid  within  dangerous  proximity  to  exposed  flame  or  fire,  or  while 
any  automobile  engine  or  motor  is  being  run  in  the  room,  is  expressly 
prohibited. 

Section  97.  Rooms  containing  Class  I  and  II  liquids  shall  have  openings 
for  ventilation,  of  at  least  30  square  inches,  along  at  least  two  walls  and  at 
floor  level.  These  openings  shall  connect  by  incombustible  flues  to  the 
outside  air  at  a  point  not  closer  than  3  feet  to  any  window  or  door  opening. 
They  shall  be  provided  with  2x2  mesh  brass  wire  screen  on  the  inside  of 
the  wall,  and  unless  laid  with  a  downward  slant  direct  to  the  outside  air,  shall 
conduct  to  and  through  a  sparkkss  fan,  run  continuously,  which  shall  be  of 
sufiiciettt  size  to  completely  change  the  air  volume  eyery  ten  minutes.  Dis- 
charge outlets  of  vent  pipes  shall  be  provided  with  20  x  20  mesh  (or  equiva- 
lent) brass  wire  screens. 

Section  ^8.  All  garages  must  be  kept  clean.  Grease,  oil  or  paint-soaked 
rags,  waste  or  other  combustible  materials  of  like  character,  shall  be  kept 
in  approved  self-closing  metallic  receptacles  having  metallic  legs  at  least 
3  inches  high  and  securely  braced.  These  receptacles  shall  be  kept  safely  clear 
of  all  combustible  surroundings  and  their  coptents  shall  be  safely  disposed 
of  at  least  once  each  day.  Oily  and  greasy  clothing  shall  be  cared  for  in 
non-combustible    and    well-vented   closets,    safely   located. 

Section  99.  Class  III  liquids  may  be  kept  inside  the  buildings,  if  stored 
as  given  in  Section  54.     The  style  of  can  and  its  location  must  be  approved. 

Section  100.  Dry  sand,  ashes,  chemical  extinguishers  and  other  approved 
fire  retardants  shall  be  provided  in  such  quantities  and  with  such  pails,  scoops 
and  other  fire  appliances  as  may  be  directed.  A  reasonable  quantity  of  such 
loose,  non-combustible  absorbents  as  mentioned  above  shall  be  kept  convenient 
for  use  in  case  of  excessive  oil  waste  or  overflow. 

Section  loi.  There  shall  be  no  direct  connection  between  any  garage 
waste  basin,  sink,'  floor  drain  or  waste  and  any  house  drainage  or  sewer 
system.     All  such   drains  or  waste   mains   to   sewer   systei^g^ha^^^^J^r- 
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cepting  grease,  oil  and  inflammable  liquid  traps  or  separators  which  will 
completely  separate  such  substance  from  water  and  sewage  \  and  allow  of 
their  safe  and  convenient  removal.  Such  traps  shall  be  ventilated  in  the 
same  way  as  is  required  for  tanks  holding  Class  I  liquids. 

Section  I  oa.  It  shall  be  the  duty  of  the  owner  or  manager  of  all  garages 
to  maintsnn  in  at  least  three  conspicuous  places  on  each  flbor  of  a  garage 
a  placard  giving  a  copy  of  all  ordinances  affecting  the  handling  of  inflam- 
mable liquids  in  garages. 

In  recent  years,  practically  all  the  large  cities  have  had  violent 
explosions  in  sewers;  the  evidence  in  many  of  these  cases  hais  been 
such  as  to  indicate  that  these  were  caused  by.  an  accumulation  of 
gasolene  vapor  or  vapors  from  other  oils.  Several  cities  have  rigid 
requirements  to  prevent  the  discharge  intp  sewers.  Fig.  2  gives 
details  of  a  large  separator  designed  in  England  and  Figures  3  and 
4  give  details  of  one  in  use  in  New  York.  The  requirements  of 
this  last  are  as  follows: 

Oil  Separators  of  the  New  York  Fire  Department 

Bill  op  Material. — See  Figure  .3.  Two  3/16-inch  steel  tanks  rivetted  to- 
gether, composed  of  one  large  tank,  24  inched  by  30  inches  by  60  inches, 
having  rivetted  to  its  intake  end,  the  small'  tank  22%  inches  by  12  inches  by 
34  inches  (end  of  large  tank  comprises  division  wall).  Top  of  small  tank 
on  same  level  with  that  of  large  one. 

Small  Tank. — Either  a  steel  or  cast-iron  hopper  bottom  rivetted  to  small 
tank,  about  9  inches  deep  by  22%   inches  by  12  inches. 

1  3-inch  plug  valve  (brass  plug — iron  body).  »  1 

1  box  wtench  to  fit  3-inch  plug  valve.  • 

I  connecting  nipple   (to  connect  3-inch  plug  valve  to  hopper  bottom). 

I  4-inch  threaded  I.  P.  flange  rivetted  to  tank. 

I  4-inch     by  6-inch  nit)ple   (threaded  for  its  entire  length). 

I  4-inch  by  6-inch  I.  P.  S.  nipple. 

I  4-inch  Tucker  connection. 

I  4-inch  cast-^ron  elbow.  '    > 

One  5/16-inch  steel  plate  cover,  twv  iifting  rings  connected. 

2-inch  X  2-inch  X  %-inch  steel  angles  rivetted  all  aroUnd  inside  ilear  top  for 
cover. 

One   1/ 1 6-inch  asbestos  gadket. 

Large  Tank. — One  2-inch  threaded  I.  P.  flange  rivetted  to  large  tahk  (for 
vent  pipe). 

One  2-inch  x  7-inch  nipple,   I.   P.   S. 

One  2-inch  elbow,  90  deg. 

One  I  ^ -inch  threaded  I.  P.  S,  flange  rivetted 'to  tank.  , 

One  1  %  -inch  stop  cock,  for  iron  pipe   (bvass  plug — ^iron  body) . 

One  I  %  -inch^x  f%-inch  nipple. 

One  box  wrench  to  fit  i%-inch  plug  valve.  \ 

One  4-inch  I.  P.  S.  flange  rivetted  to  tank  (outlet). 

One  4-inch  x  s-inch  nipple  I.  P.  S. 

One  4-inch  C.  I.  standard  T-fitting.     / 

One  4-inch  C.  I.  plug  for  T-fitting. 

One  piece  4-inch  wrought  iron  pipe,  29  inches  long,  threaded  both  ends. 

One  4-inch  C.  I.  standard  45-deg.   elbow. 

One  4-inch  C.  I.  standard  plug  for  45-deg.  elbow  (%-inch  hole  drilled  in  top 
for  syphon  breaker).  Digitized  by  CjOOQ IC 
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One  s/i6-incb  steel  plate  cover  with  a^-inch  x  a^-inch  x  %-inch  stiffener 
attached. 

a^-«nchx2^>inch  X  H-iiicb  angle  rivetted  to  inside,  all  around  near  top  for 
cover. 

Two  lifting  rings  rivetted  to  cover. 

One  i/i 6-inch  asbestos  gasket 

SPBciPiCATX<ms. — 3/r6-lnch  steel  throughout,  except  covers. 

Rivets  %-inch  diameter,  2  inches  C.  to  C. 

No  soldering  allowed. 

Electric  or  acetylene  welding  permitted. 

All  joints  to  be  caulked,  where  rivetted. 

To  be  gas  and  water  tight. 

All  flan^res  to  be  rivetted  or  electric  or  acetylene  welded  to  shell. 

Outside  of  separator  to  he  coated  with  a  rust  proof  coating.  . 

Installation. — Oil  separators  installed  in  any  building  whene  volatile  in- 
flammable fluids  are  used,  must  be  arranged  to  be  readily  accessible;  wher^ 
located  underground  an  iron,  brick  or  concrete  manhole  must  be  provided 
with  an  iron  or  flagstone  cover.  They  must  not  receive  the  discharge  of  house, 
outside   C3urt  and  area  drains,  toilets  or  leaders. 

They  must  in  all  cases  be  connected  by  a  Y-branch  fitting  to  the  liouse  sewer 
on  the  public  sewer  side  of  house  trap. 

No  separate  trap  need  be  provided  on  drain  entering  oil  separators,  but  a 
rtmning  trap  must  be  provided  for  each  floor  drain  discharging  to  the  8q>arator. 

When  fixture  of  floor  drains  are  located  on  any  floor  above  the  fir^  the 
lines  to  which  they  are  connected  must  extend  in  full  calibre  at  least  one  foot 
above  the  roof  coping,  and  well  away  from  all  shafts,  windows,  chimneys  or 
other  ventilating  opening<u  When  less  than  4  inches  in  diameter  they  must 
be  enlarged  to  4  inches  at  a  point  not  less  than  one  foot  below  the  roof  sur- 
face by  an  increaser  not  less  than  9  inches  loxv&  and  the  traps  of  all  fixtures 
vented.  , 

Relief  pipes  must  be  piovided  at  least  2  inches  in  diameter  and  carried  inde- 
pendently above  the  roof  and  there  capped  with  down-turned  elbow  equipped 
with  fire  screen. 

Drainage  from  washstand  in  garages  shall  not  be  permitted  to  flow  into 
sump  pits. 

AH  piping  must  be  left  exposed  until  after  the  Fire  Department  inspections. 

Oil  separator  p'tt  should  be  bo  located  to  prevent  floor  drainage  flowing  into 
it,  or  else  have  concrete  curbing  around  it. 

When  a  pit  is  below  the  ground  water  table  and  there  is  a  possibility  of 
water  being  in  the  pit,  the  lining  should  be  made  impervious. 

(See  Figure  4  for  Underground  Installations.) 
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Dry  Cleaning* 

Section  103.  "  Dry  cleaning "  shall  be  known  as  the  art,  act  or  process 
of  cleaning  or  renovating  wearing  or  other  apparel,  clothes  and  other  fabrics 
or  textiles,  or  any  other  things  with  any  inflammable  liquid.  "  Sponging " 
shall  be  the  removal  of  dirt,  grease,  etc.,  by  local  application  of ,  inflammable 
liquid   as    applied   by   tailors    and    others. 

Section  104.  Sponging  is  prohibited  in  shops,  dwellings,  enclosures,  yards 
and  all  other  places,  unless  carried  on  through  the  application  of  such 
inflammable  liquid?  from  an  automatically  closing  safety  can  of  not  more 
than  one  (i)  quart  capacity,  and  the  use  for  sponging  of  such  liquid  from,  or 
in,  open  pans  or  vessels  shall  be  a  piisdemeanor. 

Section  105.  Sponging  is  prohibited  in  any  room  not  provided  with  safe 
means  of  exit  diiect  Lo  the  outside  of  tk^  buildiog  and  shall  not  be  executed 
or  applied  in  any  room  or  enclosure  containing  any  open  or  flaming  fire 
or  light  nor  within  ten  feet  of  any  such  light,  self-heating  iron  or  other 
spark  or  flame  producing  appliance.  During  ali  such  application,  and  for 
one  hall  hour  thereafter,  two  direct  openings  for  ventilation  and  air  circu* 
lation  must  be .  provided,  preferably  on  oppoj^t^  ^ides  of  the  room  and  near 
the  Hoor  level. 

Se«ftion  107.  Suildings  used  for  dry  cleaning  purposes  shall  be  constructed 
of  non-combustible  material,  shall  not  he  more  than  one  story  or  16  feet 
high,  without  a  basement  or  other  open  space  below  the  floor,  shall  not 
be  used  for  other  occupancy,  and  shall  be  at  least  10  feet  from  other 
bvildiags  or  a  public  thoroughfare.  All  floors  shall  be  of  concrete  or  other 
non-combustible  material.  All  doors  shall  hav«  jaised  sills  at  least  lo  inches 
above  the  highest  point  of  floor,  and  no  other  opening,  except  for  ventilators, 
shall  be  less  than  12  inches  above  same  point.  In  wash  rooms,  only  the 
necessary  appliances  for  washing,  extracting  and  redistilling  shall  be  per- 
mitted. No  direct  ofiening  shall  be  permitted  between  wash  room  and  dry 
room.  No  combustible  material  shall  be  permitted  in  the  construction  of 
dry  voomia  or.  any  racks  or  other  appurtenances.  All  steam  or  hot  water 
pipes  for  drying  purposes  must  be  |>rotect»d  by  wixe  screens  or  otherwise 
so  as  to  prevent  contact  of  pipes  and  inflammable  goods.  All  windows, 
doors  or  other  openings  within  zoo  feet  of  exposing  openings  or  combustible 
structures  or  materials  shall  be  provided  with  wired  glass  in  metal  frames 
or  fireproof  shutteie,  doors  or  covers.  All  doors,  windows,  shutters,  screens, 
grills  and  barrel  openings  shall  be  arranged  for  ready  opening  from  either 
side  in  case  of  an  emergency.  Inter-communicating  openings  shall  be  pro- 
vided with  standard  automatic  closing  fire  doors  kept  closed  except  when 
passing  tiirot^h.  All  rooms  shall  have  a  steam  extinguishing  system  or 
where  such  fire  extinguishing  agent  is  not  available  an  approved  system 
using  a  fir«  deterrent  chemical  or  gas.  One  approved  hand  chemical  ex- 
tinguisher shall  he  provided  for  each  500  square  feet  of  floor  area. 

Section  zo8.  A  vent  opening  of  at  least  ao  square  inches  area  siiall  be 
provided  9t  the  floor  level  in  each  wash  room  and  drying  room,  near  each 
machine  and  ai^osite  to  any  door  or  other  air  inlet:  such  openings  shall 
be  covered  with  2x2  mesh  No.  16  galvanized  wire  web  and  shall  be  kept 
clear  of  all  obstructions.  From  the  vent  opening  a  flue  of  at  least  20 
square  inches  area  and  of  non-combustible  materials,  built  into  the  wall  or 
floor  or  securely  fastened  thereto  and  free  from  mechanical  injury,  shall 
conduct  to  and  through  a  sparkless  exhaust  fan,  to  be  run  continuously,  and 
which  shall  be  of  sufficient  size  to  completely  change  the  air  volume  every 


•  Part  of  Suggested  Ordinance  issued  by  the  National  Board  of  Fire  Under- 
writers.    References  by  section  number  are  to  the  sections  on  pages  136  to  149. 
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five  minutes.  All  discharge  outlets  of  vent  pipes  shall  be  provided  with  12^  12 
mesh  or  equivalent  wire  screen  and  located  without  hazard  to  surrounding 
property.  Skylights  and  windows  must  be  of  wired  glass  in  metal  frames  and 
provided  with  fusible  link  connecting  to  an  automatically  closing  device, 
and  shall  be  covered  with  12x12  mesh  or  equivalent  brass  wire  screen  to 
prevent  spark  or  other  fire  entrance.  Necessary  precautions  shall  be  taken 
to  prevent  the  clogging  or  in  any  way  the  stopping  of  air  passage  through 
such  wire  screens. 

Secticii  109.  Heating  shall  be  done  by  steam  or  hot  water.  No  steam 
boiler,  furnace  nor  exposed  fire,  nor  Aiiy  electric  dynamo  nor  motor,  nor 
other  spark  emitting  device,  shall  be  allowed  in  any  washing,  drying  or 
distilling  room,  or  in  line  with  vapor  travel  therefrom.  All  artificial  lighting 
shall  be  in  accordance  with  Section  42. 

Section  no.  In  each  wash  room  there  shall  be  provided  a  drain  or  con- 
nection to  the  sewer,  at  least  4  inches  in  diameter,  provided  with  a  U  pipe 
forming  a  water  seal  to  prevent  the  passage  of  inflammable  vapor,  and  with 
inlet  pipe  in  the  form  of  afl  inverted  U,  or  a  siphon,  with  end  at  least"  2 
inches  above  the  floor  lever,  %-inch'  air  inlet  3  inches  above  ^oor  level,  and 
top  of  siphon  8   inches  above  floor  level. 

Section  in.  All  dry  cleaning,  washing,  extracting  and  redistilling  shall 
be  carried  on  in  closed  machines,  which  shall  be  fluid  tight.  Walhers 
shall  have  hinged  door  ahd  shall  be  arranged  so  that  in  case  of  an  explosion 
the  door  will  automatically  close.  The  transfer  of  ■  all  liquids  shall  be 
through  continuous  piping,  and  all  outlet  or  drain  lines  shall  be  drained  by 
gravity  to  settling  or  storage  tanks.  No  dry  cleaning  liquid  shall  -  be  settled 
in  any  open  or  unprotected  vessels  or  tanks.  All  piping  and  '^11  metallic 
parts  of  each  machine  shall  ht  properly  grounded  by  at  least  No.  10  copper 
instHated  wiref'to  a  water  f)ipe  or  other  grounded  devices. 

Editor's  Note. — Substances  like  cotton,  linen,  wool  and  silk  become  elec- 
trified when  moved  quickly  in  gasoline,  and  the  gasoline,  a  bad  conductor, 
accumulates  the  electricity  and  when  equalization  arrives  produces  sparks 
which   ignite    the    gases. 

Section  112.  All  reserve  and  storage  stocks  of  such  liquids  shall  be 
kept  and  handled  as  given  in  Sections  46,  50,  51,  52,  55,  $6,  57,  60,  61,  63, 
64,  65  and  66. 

Section  113.  All  goods  removed  from  washer  to  extractors  must  be  kept 
In  tight  metal  pans  with  under  side  of  bottom  covered  with  wood,  and 
no  goods  or  washed  stocks  shall  be  taken  from  wash  foom  till  washing  liquid 
has  httn  removed  by.  the  extractor  and  all  dried  goods  shall  be  i'emov«d  from 
extractors  at  close  of  operation. 

Editor's  Note. — It  is  reported  that  many  fires  start  at  the  centrifugal 
extractor,  from  friction  or  sparks  generated  by  tUe  brake;  daily  attention 
should  be  paid  to  this  and  cajre  taken  to  have  complete  ventilation  at  that 
point. 

Section  114.  Settling  tanks  shall  be  constructed,  located  and  vented 
essentially  as  given  for  the  storage^  tanks.  At  the  close  of  the  day's  opera- 
tions, all  liquid  contained  in  washers,  extractors  or  stills,  or  otherwise,  Ishall 
be  returned  to  the  stock  or  settling  tanks.  The  location  of  all  tanks  buried 
or  otherwise,  and  their  contents  and  hazards,  shall  be  plainly  marked  by 
signs  as  approved  by  the  Chief  of  the  Fire  Department. 
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REGULATIONS  FOR  THE  CONSTRUCTION 
AND  INSTALLATION  OP  DIP  TANKS* 

The  process  of  dipping  articles  in  tanks  containing  inflammable  mixtures 
should  be  carried  on  in  a  detached  building  used  foi*  no  other  purpose, 
locate'd  at  a  safe  distance  from  other  property.  It  is  impossible  to  entirely 
eliminate  the  dip-tank  hazard  where  inflammable  liquids  are  used,  even 
though    all    practicable    safeguards    are    provided. 

If  the  dipping  process  is  permitted  inside  the  main  building  or  in  an 
adjoining  building,  the  room  in  which  the  hazard  exists  should  preferably 
be  on  the  lowest  floor,  but  not  below  the  grade  line,  nor  on  a  floor  imme- 
diately above  a  cellar  or  basement,  and  should  be  used  only  for  dipping 
processes.  Side  walls  and  ceiling  of  the  dipping  room  to  be  of  fireproof 
cfonstruction  at  least  equivalent  to  eight  inches  of  brick.  The;re  should  be 
a  standard  fire  wall  Cutting  off  the  room  from  the  rest  of  the  plant;  the 
floor  should  be  fireproof  and  waterproof;  it  should  pitch  to  a  point  at  which 
is  located  a  drain  pipe  leading  outside  the  building  and  terminating  at  a 
point  where  liquids  flowing  therefrom  will  not  endanger  surrounding  property. 

The  drain  pipe  to  be  at  least  6  inches  in  diameter  and  to  have  a  coarse 
strainer  (about  %-inch  mesh)  at  floor*  No  drain-pipe  connection  shall  be . 
made  to  a  sewer.  The  floor  should  be  6  inches  lower  than  the  floors  of 
adjoining  rooms,  or  the  thresholds  should  be  raised  that  distance  and  parti- 
tions should  be  flashed  so  as  to  guard  against  inflammable  liquids  flowiqg 
to  adjoining  rooms.  .  Metal  covering  for  floor  is  not  advised.  The  room 
should  be  well  ventilated  at  top  and  bottom  by  suitable  screened  openings. 

Note. — In  large  dip-tank  installations  a  more  positive  system  of  ventilation 
will  be  necessary. 

When  practicable  a  metal  hood  should  be  located  directly  over  each  tank; 
hood  to  terminate  in  a  metal  pipe  discharging  into  a  properly  constructed 
chimney  used  for  no  other  purpose.  The  hood  to  extend  well  over  the  sides 
and  ends  of  the  tank  and  to  be  sufl5ciently  low  to  prevent  water  from  being 
thrown  into  the  tank  from  automatic  sprinklers.  The  hood  and  pipe  should 
be  designed  to  take  off  flames  from  the  burning  liquid  in  case  the  automatic 
cover  should  fail  to  operate. 

Requirements  for  Dip  Tanks 

1.  Construction. — ^To  be  constructed  in  a  substantial  manner  of  steel  or 
of  cast  iron.  The  edges  of  tank,  tracks  (when  used  in  connection  with 
covers),  and  all  working  parts,  to  be  so  constructed  an,d  shielded  as  to  protect 
same  against  mechanical  injury  and  accumulation  of  drippings  sufhcient  to 
interfere    with   the   operation    of   the   cover. 

2.  Covers. — Covers  may  be  either  hinged  or  sliding  on  tracks  and  should 
be  normally  ^held  open  by  approved  types  of  metal  chains  containing  fusible 
links,  one  such  link  to  be  near  top  of  tank  and  one  at  the  ceiling  above  the 
tank.  Such  covers  may  be  constructed  either  of  metal»  not  less  than  No. 
12  U.  S.  gauge,  reinforced  by  an  angle  iron  frame,  or  of  two-ply  %-inch 
tongued  atid  grooved  board  nor  over  6  inches  in  width  and  covered  on  all 
surfaces  with  lock-jointed  tin,  and  in  all  cases  such  covers  must  overlap  the 
side   and  .ends  of   tank  at   least  two  inches.  '• 

All  covers  to  be  so  designed  and  installed  that  operation  will  be  automatic 


*  Issued  by  the  National   Board  of   Fire   Underwriters,    1913. 
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and  secure  positive  closing  without  danger  of  sticking  when  released  by 
action  of  heat  bn  the  fusible  links'  or  by  manual  operation.  Covers  to  be 
closed  when  tanks  are  not  in  use.  Hinged  covers  to  be  secured  with  strong 
metal  hinges  offset  and  protected  against  gumming. 

Covers  operating  by  gravity  on  tracks,  to  be  provided  with  deep  and  wide 
grooved  wheels,  properly  shielded  so  as  to  prevent  accumulation  of  drippings 
on  them  or  their  tracks,  and  to  be  provided  with  a  guard  to  prevent  the 
wheels  leaving  the  tracks.  The  inclination  of  the  tracks  on  this  style  of 
gravity  cover  to  be  not  less  than  %  inch  to  the  fo<^t. 

3.  Drip  Boards. — Each  tank  to  be  provided  with  drip  boards  to  protect 
working  parts  of  cover  and  return  all  drippings  to  the  tank.  Boards  to 
he  of  incombustible  material  and  readily  permit  of  cleaning. 

4.  Agitator. — Each  tank  containing  liquids  holding  material  in  suspension 
should  be  provided  with  an  agitator  or  other  facilities  designed  to  effectively 
prevent  sediment  accumulating  and  hardening  on  the  bottom  of  the  tank. 

5.  Overflow. — ^Tank  to  have  an  iron  or  steel  overflow  pipe  leading  outside 
of  building  to  a  cistern.  Pipe  to  be  without  traps  or  unnecessary  bends 
And  to  lead  as  directly  as  possible  to  the  cistern.  This  pipe  to  be  at  least 
3  inches  in  diameter  when  the  tank  holds  les»  than  too  gallons  and  increased 
proportionately  for  larger  tanks.  Overflow  to  have  a  coarse  strainer  at 
tank    (about   %'inch   mesh). 

6.  Drains. — Each  tank  should  preferably  be  provided  with  a  drain  pipe  of 
sufficient  size  to  empty  tank  in  about  sixty  seconds.  The  drain  to  be  pro- 
vided with  a  valve  capable  of  being  operated  both  manually  and  automatically. 
The  valve  opening  should  be  at  least  60  per  cent  larger  than  the  cross 
sectional  area  of  the  drain  pipe.  The  operation  of  the  valve  should  be 
sufficiently  positive  to  overcome  any  danger  of  sticking  or  clogging  due  to 
the  accumulation  of  sediment.  The  drain  valve  to  be  so  designed  that 
when  open,  it  will  not  interefere  with  the  agitator,  and  so  that  the  agitator 
will  effectually  assist  in  keeping  the  passage  to  the  drain  valve  clear  of 
sediment.  Drain  pipe  to  connect  directly  or  through  overflow  pipe  to  a 
cistern. 

7.  CiSTSKN. — ^To  be  of  sufHcient  size  to  hold  the  aggregate  bapacity  of  all 
tanks  emptying  into  it.  To  be  detached  at  least  thirty  feet  ani  located 
lit  ground  sloping  down  from  buildings,  or  to  be  so  arranged  that  any 
•overflow  cannot  endanger  prc^erty;  otherwise  the  cistern  must  have  at 
least  twice  the  capacity  of  all  the  dip  tanks  draining  into  it,  and  be  sub- 
stantially constructed  of  masonry,  or  metal,  so  as  to  be  watertight.  Such 
cisterns  to  be  buried  underground,  covered  and  otherwise  arranged  to  prevent 
filling  of  same  with  water.  A  proper  vent  must  also  be  provided.  Overflow 
and   drain   pipes   to   dip   under  water   and  terminate    near  bottom    of   cistern. 

8.  Care  and  Attendance. — a.  Heating  to  be  done  only  by  steam  or  hot 
water.  No  steam  boiler,  furnace  or  exposed  fire,  nor  any  electric  dynamo 
or  motor  or  other  spark  emitting  device,  to  be  allowed  in  any  room  used 
for  dipping  processes  or  dangerously  exposed  thereto,  or  in  line  with  vapor 
travel   therefrom. 

b»  No  open  light  -or  flame  shall  be  allowed  in  any  such  room,  and  for 
electric  lighting,  lamps  shall  have  keyless  sockets  and  he  protected  by 
vapor-tight  outer  globes.  Switches  shall  be  placed  outside  of  room  and 
beyond  the  presence  of  ignitible  vapors,  and  the  whole  shall  be  don?  accord- 
ing t6  the  National  Electrical  Code. 

c.  All  such  rooms  to  be  provided  with  a  high  pressure  steam  line  fed 
from  a  boiler  of  sufficient  capacity  to  admit  of  flooding  the  rooms  with 
steam  in  case  of  fire.  Operating  valves  to  be  located  outside  building.  Any 
other  method  of  protection  judged  to  be  equivalent  nia|ftiJ^gbVfe^OOQlC 


REGULATIONS  FOR  THE  INSTALl^ATION  AND 

USE  OF  INTERNAL-COMBUSTION  ENGINES 

(GAS,  GASOLINE,  KEROSENE,  FUEL  OIL) 

AND  OP  OIL  BURNING  EQUIPMENT* 

Gas  Engines 

1.  Location  of  Engines. — (a)  Should,  whenever  possible,  be  located  on 
the  ground  floor. 

(b)  In  workshops  or  rooms  where  dust  or  inflammable  flyings  prevail, 
the  engine  should  be  enclosed  in  a  suitable  compartnsent  weH  ventilated  to 
the   outer  air  at  floor  and  ceiling. 

-<c)  If  located  on  a  wooden  floor,  the  floor  under  and  24  inches  outside  of 
the    engine   should   be    covered   with   metal. 

2.  Piping. — (a)  Must  be  provided  with  a  shut-off  valve  located  in  an 
accessible  place  on  the  service  side  of  the  pressure  regulator. 

(b)  Piping  and  connections  shall  be  run  as  direct  as  possible  and  be 
thoroughly   tested  before   being  placed  in  service. 

3.  Igniter    or    Exploder. — Electric    ignition   only    roust   be   used. 

Note. — Hot  tubes  and  any  provision  for  their  installation  /  on  engines  are 
prohibited. 

4.  Muffler  or  Exhaust  Pot. — (a)  Exhaust  pots  must  be  placed  on  firm 
foundations  and  mufflers  and  exhaust  pots  to  be  kept  at  least  one  foot  from 
woodwork  or  combustible  materials. 

(b)  Exhaust  pots  of  the  closed  type  must  be  provided  with  plugged  opening, 
placed  near   the   bottom   and  below   the  exhaust   pipe  connection. 

5.  Gas  Bag  or  Pressure  Regulator. — (a)  Gas  bags,  if  used,  must  be 
enclosed  in  a  substantial  gas-tight  metal  drum,  of  approved  construction, 
vented   to   the  outer   air  through   a   pipe   used   for   no   other   purpose. 

(b>  Where  not  otherwise  provided  for,  regulator  should  be  arranged  with 
an  automatic  gs»  shut-off  to  prevent  the  flow  of  gas  into  the  room  in  case 
engine  shuts  down  from  any  came. 

6.  ExHAtTST  Pipe. — Exhaust  pipe,  whether  direct  from  engine  or'  from 
mufflers,  shall,  where  practicable,  be  carried  above  the  roof  of  the  building 
in  which  the  engine  is  contained,  and  above  adjoining  buildings.  When 
buildings  are  too  high  to  make  this  practicable^  the  pipe  shall  end  at  least 
10   feet  from  any  wall   opening.  • 

No  exhaust  pipe'  shall  be  within  9  inches  of  any  wooden  lath  and  plaster 
partition,  ceiling,  or  other  combustible  material. 

Where  exhaust  pipes  pass  through  combustible  partitions,  they  shall  be 
guarded  by .  galvanized  iron  ventilated  thimbles  at  least  12  inches  larger  in 
diameter  than  the  pipes,  or  by  galvanized  iron  thimbles  built  in  at  least  8 
inches  of  brickwork  or  other  incombustible  material.  They  shall  not  under 
any  circumstances  be  connoted  into  chimneys  or  flues,  except  that  the  pip^ 
may  pass  up  in  flues  used  for  no  other  purpose.  No  exhaust  pipe  shall 
pass  through  any  floor,  nor  through  a  roof  having  wooden  framework  or 
covering. 

Note. — This  pipe  is  liable  to  become  very  hot  and  should  have  additional 
protection  where  dust  or  inflammable  flyings  are  present. 

•  As  recommended  by  the  National  Board  of  Fire  Underwriters. 
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7.  Engine  Base. — It  is  recommended  that  the  base  be  constructed  with  a 
groove  or  channel  to  prevent  lubricating  oil  from'  soaking  into  floors. 

8.  Lubricating  Oil  Drips  and  Pans. — (a)  Must* be  provided  when  neces- 
sary to  prevent  the  spilling  of  oil. 

(b)  Cranks  and  other  rapidly  revolving  or  reciprocating  parts  must  be 
shielded   to   prevent   throwing   of   oil. 

9.  Name  Plates. — Must  be  provided  with  a  name  plate  giving  the  name 
of   the  manufacturer  and  the  trade   name  of  the  engine. 

10.  Care  and  Attendance.— Due  consideration  to  be  given  the  cleaning  of 
the  cylinder,  valves  and  exhaust  pipe  as  often  as  the  quality  of  the  fuel 
may    necessitate.  , 

Stationary  Gasoline  Engines 

In  addition  to  Nos.  i,  3,  4,  6,  7,  8,  9  and  10  of  the  Gas  Engine 
regulations,  the  following  are  made  for  Stationary  Gasoline  Engines. 

Capacity  and  Location  of  Tanks. — In  closely  built  districts,  or  within 
fire  limits,  tanks  should  be  locate^  underground;  see  page  139. 

Gasoline  Feed-Cup. — (a)  Must  be  arranged  to  prevent  spattering,  dripping 
or  exposure  of  gasoline  during  operation  or  with  the  engine  at  rest. 

(b)  Must  be  provided  with  an  overflow  connection  draining  to  the  supply 
tank. 

Gasoline  Feed-Pump. — ^Must  be  of  approved  type  secure  against  leaks,  with 
check    valves    located    as    close    to   the    pump    as    convenient. 

Exhaust  Pipe. — Water  pockets  in  exhaust  pipes  to  be  provided  with 
suitable  means  for  .drainage. 

Engine  Base. — (a)  Must  not  be  used  as  a  storage  space  fof  gasoline  or 
other  material. 

Portable  Gasoline  Engines 

In  this  class  are  included  so-called  **  self-contained "  engines,  mounted  on 
wheels,  or  on  skids,  or  otherwise  so  arranged  as  to  be  conveniently  moved 
from    place    to   place   as   the   necessities   of   the   serVice   may   demand. 

These  engines  are  considered  more  hazardous  than  stationary  engines  hav- 
ing separate  underground  storage  tanks,  and  should  not  be  used  as  a  substi- 
tute for  stationary  engines.  Where  used,  their  hazards  should  be  recognized 
by  the  inspection  department  having  jurisdiction,  and  the  following  rules 
and  precautions  should  be   rigidly  observed; 

The  requirements  for  Stationary  Gasoline  Engines  apply  except 
as  to  the  Tank,  which  are  as  follows. 

Supply  Tanks. — (a)   Gravity  feed  from  supply  tank  to  engine  is  prohibited. 

(b)  Capacity  of  supply  tank  must  not  ejfceed  the  amount  of  fuel  required 
for   10  hours  running  full  load. 

(c)  Must  be  so  mounted  as  to  be  protected  against  wear  due  to  jarring 
and  vibrations. 

(d)  Must  be  so  located,  or  protected,  as  to  avoid  injury  from  coming  in 
contact  with  outside  objects,  as  well  as  to  prevent  an  excessive  rise  of  tem- 
perature of  the  gasoline,  due  to  heat  from  tylinder  or  exhaust. 

(e)  All  pipe  connections  should  be  made  above  the  highest  gasoline  level 
in  the  tank. 

Care  and  Attendance. — (a)  Tanks  to  be  filled  during  daylight  hours  only 
and   while  the  engine  is  not  running. 

(b)  Tanks  to  be  filled  by  means  of  approved  safety  cans  and  main  gasoline 
supply  to  be  ^kept  in  approved  receptables  outside  of  buildings. 

(c)  Due  consideration  shall  be  given  to  the  cleaning  of  the  cylinder, 
valves  and  exhaust  pipe  as  often  as  the  quality  of  ^he  fuel^^nii^^-^^^ssi^^fc* 
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(d)  Portable  engines  should  not  be  used  where  dust  or  inflammable  flyings 
prevail,    nor    be    located    near    combustible    material. 

Stationaip^  Kerosene  and  Fuel  Oil  Engines 

These  rules  refer  to  engines  using  a  fuel  haying  a  flash  point  above 
I  CO   degrees   Fahr.      (Abel-Pensky    Flash   Point   Tester.)  • 

In  addition  to  Nos.  i,  4,  6,  7,  8,  9  and  10  of  the  Gas  Engine 
Regulations,  the  following  are  made  for  engines  of  this  type. 

Storage  oh  Supply  Tank  and  Pipfng. — In  closely  built  distficts,  or  within 
the  fire  limits,  storage  or  supply  tanks  shall  be  located  underground  and  tanks 
and  piping  shall  conform  to  the  requirements  given  on  pages  139  and  144. 

Outside  of  closely  built  districts  or  outside  of  fire  limits,  aboveground  storage 
or  supply  tanks  may  be  permitted,  but  such  tanks  and  piping  shall  conform  to 
the  requirements  given  on  pages  141  and  144. 

Auxiliaky  Tanks. — (a)  Tank6  or  other  reservoirs  for  providing  a  supply 
of  oil  within  the  building  to  have  a  capacity  of  not  more  than  sixty  gallons 
when  not  of  the  pressure  type.  Tanks  to  be  filled  by  means  of  an  approved 
pomp  conneeted  by  full;  weight  iron  or  steel  pipe  to  the  m^in  supply  tank. 
To  be  provided  with  an  ample  overflow  pipe  connected  to  main  tank.  Oil 
to  be  drawn  from  auxiliary  supply  by  means  of  an  approved  pump  operated 
by  the  engine.  Gravity  feed  of  oil  to  engine  or  pipe  connections  below 
the  oil  level  in  auxiliary  tanks  having  a  capacity  in  excess  of  'one  gallon 
is  not  to  be  permitted. 

(b)  Tanks  or  receivers  of  the  pressure  type  to  have  a  capacity  of  not 
over  ten  gallons  and  to  be  provided  with  a  reliable  gauge.  This  tank  also 
to  have  an  approved  pressure  relief  set  to  operate  at  a  safe  pressure  and 
connected  by  an  overflow  pipe  to  the  main  tank.  These  receivers,  when 
arranged  with  engine  supply  pipe  connections  below  the  oil  level,  to  be  so 
arranged  that  the  oil  will  automatically  drain  back  to  the  main  supply 
tank  when  the  engine  stops,  leaving  not  over  one  gallon,  where  necessary 
for  priming.  In  case  the  supply  of  oil  for  the  engine  by  piping  is  connected 
above  the  oil  level  the  automatic  release  of  the  pressure  without  the  draining 
of  the  oil  may  be  permitted*  .   . 

Editor's  Note. — ^At  a  meeting  of  the  National  Firfe  Protection 
Association  in  May,  1916,  the  above  section  on  Auxiliary  Tanks  was 
recommended  to  be  changed  as  given  below;  action  by  the  National 
Board  of  Fire  Underwriters  had  not  been  taken  at  the  time  this 
book  went  to  press: 

Auxiliary  Tanks,  Standpipes,  Receivers  of  Accumulators. — 
a.  These  may  have  a  total  capacity  of  60  gallons,  and  may  be  of 
an  individual  capacity  not  exceeding  60  gallons,  if  the  containing 
room  is  fireproof,  not  used  for  other  manufacturing  or  storage  pur- 
poses and  provided  with  standard  wall  opening  protection  on  all 
interior  and  exterior  walls. 

b.  In  room  other  than  described  above,  the ,  capacity  shall  not 
exceed  10  gallons. 

c.  Filling  shall  be  by  continuous  piping  from  the  storage  tank  or 
in  small  plants  by  piping  from  a  filling  inlet  outside  the  room. 

d.  Shall  be  constructed  in  accordance  with  Class  D,  Containers 
for  Hazardous  Liquids,  except  that  gravity  flow  may  be  permitted 
through  continuous  piping  to  the  apparatus  supplied. 

e.  Shall  be  provided  with  an  ample  overflow  pipe  connected  to  the 
main  tank ;  if  of  the  pressure  type,  this  connection  shall  be  from  an 
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approved  pressure  relief  valve,  set  at  not  in  excess  of  twice  the 
normal  working  pressure. 

f.  Except  in  fireproof  rooms  (see  "a*'  above)  or  by  special  per- 
mission of  the.  inspection  department  having  jurisdiction,  provision 
shall  be  made  so  that  the  oil  will  automatically  drain  back  to  the 
supply  tank  upon  shutting  down  the  appliance  served,  leaving  not 
more  than  one  gallon  for  priming,  or  in  pressure  systems  that  the 
pressure  will  be  automatically  released. 

Ignition  and  SxARTiNGj-r-Ca) .  Torches  for  pre^heating  the  combustion  cham- 
ber of  engines  are  to  be  used  only  .while  starting  the  engine,  and  the 
pressure  on  the  supply  reservoir  is  to  be  released  as  soon  as  the  engine  is 
"  firing  **  properly. 

(b)  Torches  used  for  initially  heating  the  combustion  chamber  must  be 
of   a   type  approved   for   use   with  kerosene. 

(c)  Gasoline  if  used  for  starting  must  be  introduced  as  a  fuel  within 
the  cylinders  of  the  engine  and  the  supply  of  gasoline  must  not  be  more 
than  necessary  to  produce  a  proper  temperature  for  operating  the  engine 
with  the  heavier  oils. 

(d)  The  gasoline  supply  for  engines  using  this ,  liquid  for  starting  must 
be  drawn  from  an  outside  underground  storage  tank  by  means  of  a  hand 
pump  permanently  attached  to  the  engine,  into  an  approved  feed  cup  having 
a  capacity  of  not  more  than  one  pint  and  provided  with  an  overflow  to  the 
outside  gasoline  tank,  or  an  approved  reservoir  of  the  "  lift  out "  type 
may  be  used  provided  the  capacity  is  limited  as  in  Rule  36c,.  but  not  to 
exceed  one  gallon,  and  further  that  the  retention  of  any  gasoline  after 
starting   is   automatically   prevented.' 

Exhaust  Pipe. — Water  pockets  in  exhaust  pipes  to  be  provided  with  suit- 
able means  for  drainage. 

Editor's  Note. — The  above  regulations  afe  to  lessen  the  haz- 
ard, and  are  not  based  on  the  relative  reliability  of  the  machine 
for  operation  purposes;  for  use  where  great  reliability -is  neces- 
sary, as  in  water- works  plants,  additional  requirements  are 
necessary,  covering  the  ability  to  start  quickly  and  operate 
continuously  under  varying  load. 

INDIVIDUAL  OIL  BURNING  EQUIPMENTS  FOR 
OTHER  THAN  HOUSEHOLD  PURPOSES* 

Apparatus  using  oil  for  fuel,  however  safeguarded,  introduces  a  distinct 
increase    in    hazard   which   should   be   recognized. 

Where  used,  the  following  rules  should  be  rigidly  observed. 

All  oil  used  for  fuel  purposes  under  these  rules  shall  show  a  flash^  test 
of  not  less  than  150  degrees  Fahrenheit.  (Abel-Pensky  Flash  Point  Tester.) 
This  flash  point  corresponds  closely  to  160  degrees  F.  (Tagliabue  Open  Cup 
Tester),  which  may  be  used  for  rough  estimations  of  the  flash  point. 

Editor's  NoTE.---In  the  regulations  for  Fuel  Oil  Engines  (see  page 
161)  as  revised  in  1915,  the  National  Board  of  Fire  Underwriters 
adopted  100  degrees  Fahr.  as  the  minimum  allowed  for  fuel  oil. 
At  the  meeting  of  the  National  Fire  Protection  Association  in  May, 
1976,  it  was  recommended  that  the  regulations '  for  Fuel  Oil  Equip- 
ment be  changed  accordingly ;  final  action  has  riot  been  taken  by  the 
National  Board  of  Fire  Underwriters. 

'Abstracted  from  regulations  of  National  Board  ^f^^iFeM^nderwriters. 
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Capacity  and  Location  of  Tanks. — ^a.  In  closely  built  up  districts  or 
within  fire  limits  tanks  to  be  located  underground  and  tanks  and  piping  are  to 
be  as  given  in  the  requirements  on  pages  139  and  144. 

Outside  of  closely  built  up  districts  or  outside  of  fire  limits,  above-ground 
storage  tanks  may  be  permitted,  provided  drainage  away  from  burnable  prop- 
erty in  case  of  breakage  of  tanks  is  arranged  for  or  suitable  dikes  built 
around  the  tanks. 

When  above-ground  tanks  are  used  all  piping  muisJt  be  arranged  so  that 
in  case  of  breakage  of  piping  the  oil  will  not  be  drained  from  tanks.  This 
requirement  prohibits  the  use  of  gravity  feed  from  storage  tanks.  Above- 
ground  tanks  of  less  than  1,000  gallons  capacity  without  dikes  may  be  per- 
mitted in  case  suitable  housings  for  the  protection  of  the  tanks  against 
injury    are    provided. 

Some  device  for  indicating  the  level  of  the  oil  in  the  tank  is  desirable. 
Where  used,  such  attachment  shall  be  connected  through  substantial  fittings 
so  as  to  minimize  exposure  of  the  oil,  and  devices  the  breakage  of  which 
will  allow  the  escape  of  oil,  must  not  be  used. 

Suitable  filters  or  strainers  for  the  oil  should  be  installed  and  preferably 
be  located  in  supply  line  before  reaching  pump.  Filter  to  be  arranged  so 
as  to  be  readily  accessible  for  cleaning. 

Feed  Pyraps  must  be  of  approved  design,  secure  against  leaks. 

Editor's  Note. — At  a  meeting  of  the  National  Fire  Protection 
Association  in  May,  1916,  the  requirement  for  Pumps  was  recom- 
mended to  be  changed  as  given  below ;  action  by  the  National  Board 
of  Fire  Underwriters  had  not  been  taken  at  the  time  this  book  went 
to  pfess: 

Pressure  Delivery  Systems. — a.  Delivery  from  tank  to  burn- 
ers may  be  direct  or  through  receivers,  accumulators  or  stand- 
pipe. 

b.  Must  be  by  a  substantially  constructed  discharge  device  of 
approved  design,  which  will  prevent  the  delivery  or  leakage  of 
liquid  when  not  in  use. 

c.  Must  be  provided  with  safety  reliefs,  which  will  prevent  the 
accumulation  of  pressure  in  excess  of  twice  the  normal  working 
pressure;  such  reliefs  to  be  of  a  design  which  will  not  discharge 
inflammable  liquid  into  the  open  air. 

d.  Must  be  of  a  design  that,  when  delivering  to  a  system  of  several 
individual  oil  burning  equipments,  pressure  will  be  maintained  on 
the  piping  inside  the  building  only  when  the  equipment  is  in  actual 
use.  Or  shall  be  so  equipped  that  a  flow  in  excess  of  the  normal 
discharge  of  any  individual  oil  burning  equipment  will  result  in 
automatically  shutting  oflF  the  power  producing  the  pressure  or 
cutting  off  supply  to  the  piping  within  the  building  supplying  that 
equipment. 

Glass  gauges,  the  breakage  of  which  would  allow  the  escape  of  oil,  are 
to  be  avoided.  If  their  use  is  necessary,  they  should  have  substantial  pro- 
tection or  be  arranged  so  that  oil  will  not  escape  if  broken.  Pet  cocks  must 
riot   be   used   on   oil  carrying  parts  of   system. 

Readily  accessible  shu^off  valves  to  be  provided  In  the  supply  lirte  as  near 
to  the  tank  as  practicable,  and  additional  shut-off s  to'  be  insta^lled  in  the 
main  line  inside  building  and  at  each  oil  consuming  de-iced  by  VjOOg  IC 
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Receivers  or  Accumulators,  if.  used,  must  be  designed  so  as  to  secure-  a 
factor  of  safety  of  not  less  than  6.  Must  be  subjected  to  a  pressure  test 
of  not  less  than  twice  the  workii^g  pressure,  The  capacity  o£  the  oil  chamber 
must  not  exceed  j^p  gallons.  To ,  be  equipped  with  pressure  gauge.  To  be 
provided  with  an  automatic  relief,  valve  set  to  operate ,  at  a  safe  pressure 
and  connected'  by  an  overflow  pipe  to  supply  tank,  and  so  >  arranged  that 
the  oil  will  automatically  drain,  back  to  the  supply  tank  immediately  on 
closing  down  the  pump. 

Standpipes,  if  used,  shall  not  exceed  10  gallons  capacity.  To  be  of 
substantial  construction,  equipped  with  an  overflow.,  and  sp  arranged  that 
the-  oil  will  automatically  drain  back  to  the  supply  tank  on  shutting  down 
pump,  leaving  not  over  one,  gallon^ ;  where  necessary,  iqx  priming,  ett.  If 
vented,  the  opening  should  be  at  the  top  and  may  be  connected  witli  .the 
outside  vent  pipe  from  storage  tank,  above  level  of  source  of  supply. 

Editor's  NoTE.-^At  a  meeting  of  the  National  Fire  Protection 
Association  in  May,  igt6,  the  above  section  oil  Auxiliai*y  Tanks  was 
recommended  to  be  changed  as  given  below ;  action  by  the  National 
Board  of,  Fire  Underwriters  had  not  been  taken  at  the  time  this 
book  went  to  press: 

Auxiliary   Tanks,   Standpipes,    Receivers   or   Accumulators. — 

a.  These  may  have  a  total  capacity  of  60  gallons,  and  may  be  of 
an  individual  capacity  not  exceeding  60  gallons,  it  the  containing 
room  is  fireproof,  not  used  for  other  manufacturing  or  storage  pur- 
poses and  provided  with  standard  wall  opening  protection  on  all 
interior  and  exterior  walls. 

b.  In  room  other  than  described  above,  the  capacity  shall  not 
exceed  10  gallons. 

c.  Filling  shall  be  by  continuous  piping  from  the  storage  tank  or 
in  small  plants  by  piping  from  a  filling  inlet  outside  the  room. 

d.  Shall  be  constructed  in  accordance  with  Class  D,  Containers 
for  Hazardous  Liquids,  except  that  gravity  flow  may  be  permitted 
through  continuous  piping  to  the  apparatus  supplied. 

e.  Shall  be  provided  with  an  ample  overflow  jfipe  connected  to  the 
main  tank;  if  of  the  pressure  type,  this  connection  shall  be  from  an 
approved  pressure  relieif  valve,  set  at  not  in  excess  of  twice  the 
normal  working  pressure. 

f.  Except  in  fireproof  rooms  (see  "a"  above)  or  by  special  per- 
mission of  the  inspection  department  having  jurisdiction,  provision 
shall  be  made  so  that  the  oil  will  automatically  drain  back  to  the 
supply  tank  upon  shutting  down  the  appliance  served,  leaving  not 
more  than  one  gallon  for  priming,  or  in  pressure  systems  that  the 
pressure  will  be  automatically  released. 

A  committee  of  the  Railway  Fire  Protection  Association,  in  a 
report  made  at  the  annual  meeting  in  October,  1915,. gave,  in  addi- 
tion to  the  National  Board  regulations  above,  which  they  adopted, 
the  following  requirements-: 

Gravity  Systems  should  not  be  installed  tmder  any  conditions,  as  they  are 
a  menace  to  both  life  and  property.   •  ■ 

Pumping  Systems. — Plate  No.  i  shows  the  plan  of  a  large  storage  tank  with 
auxiiiary  tank  and  pumping  system,  also  the  pump  lines;  and  how  this  system 
should  be  installed  to  give  the  proper  protection  and  service  where  Urge 
equipments  are  used.  Digitized  by  GOOglC 
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This  equipment  will  apply  to  large  furnace  installations  as  well  as  to  boiler 
plants. 

Plate  No.  2  shows  the  detail  of  a  steam  pump  equipment  and  how  it  should 
be  arranged  to  obtain  the  best  service  and  protection.  This  arrangement  Mrill 
also  apply  to  rotary  pumps  with  the  exception  of  the.  steam  governor.  The 
order  of  the  automatic  appliances  should  be  strictly  adhered  to.  The  steam 
governor,  controlling  the  pump  direct  from  the  cushion,  should  be  set  at  a 
pressure  25  per  cent  lower  than  the  relief  valve,  so  that  the  oil  will  not  be 
circulated  through  the  relief  valve  unless  the  steam  governor  should  become 
inoperative.  By  placing  the  relief  valve  at  this  point,  only  cold  oil  Is  handled 
by  the  pump  or  discharged  back  into  the  tank. 
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The  heater  should  be  by-passed,  so  that  in  warm  weather  it  will  not  be 
under  constant  pressure. 

The  automatic  drain  valve  is  placed  at  the  lowest  point  of  the  line,  so  that 
absolute  drainage  can  be  secured. 


PLATE   No.  3 
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The' discharge  of  the  fmmp  into  the  air  receiver  is  at  right  angles  to  the 
boiler  or  furnace  supply.  This  is  done  to  prevent  throbbing  and  to  maintain 
uniform,  pressure  on  the  line. 

The  gauge  glass  on  the  receiver  should  be  protected  by  automatic  sliut-oflF 
cocks  in  case  of  the  glass  breaking,  and  further  it  should  be  protected  by 
double  brass  casings  in  case  the  automatic  cocks  should  fail  to  operate. 

The  automatic  stop  valve  is  then  placed  in  the  direct  line  to  the  boiler  or 
furnaces  and  is  controlled  by  a  gate  valve  before  and  after,  so  that  the  former 
can  be  opened  and  cleaned  in  case  of  necessity  without  spilling  oil  on  the 
floor  or  emptying  the  fuel  oil  line. 

Strainers  should  not  be  used  anywhere  in  the  lines,  as  they  become  clogged 
and  are  a  constant  source  of  menace.  No  dirt  will  ever  enter  the  lines  if  the 
trouble  is  cured  at  the  source.  Large  basket  strainers  placed  in  the  manhole 
or  the  receiving  line  of  the  fuel  oil  storage  tank  will  remove  dirt  and  foreign 
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matter  before  it  gets  into  the  system  and  better  satisfaction  will  be  obtained 
in  the  operation  of  the  system  alvd  at  less  cost. 

Air  PRESSirRE  Systems.— ^Plates  Nos.  3  and  4  show  two  types  of  Air  Pressure 
Systems,  one  with  single  tanks  and  the  other  with  double  tanks.  While  this 
system  is  not  approved  by  the  National  Board  of  Fire  Underwriters,  it  Is 
undoubtedly  the  best  system  froj^i  the  point  of  service  obtained  in  the  use  of 
oil  around  the  furnace.  A  steadier  pressure  is  maintained  upon  the  oil  which 
reduces  to  a  minimum  the  necessity  for  regfulation  of  the  furnace  burners; 
there  is  under  pf^ssttre  a  comparatively  small  amount  of  oil  (not  over  a 
day's  capacity  foi-  the  shops)  and  but  Httle  time  is  required  each  day  to  fill  the 
tanks  for  the  day's  run   (the  air  maintaining  a  constant  pressure). 

The  two  plates  mentioned  show  the  storage  and  pressure  tanks.  Th*  system 
having  two  pressure  tanks  is  to  be  used  when  a  day's  siipply  would  exceed 
a  thousand  gallon^  and  the  piping  is  so  arranged  that  only  one  tank,  at  a 
time  is  under  pressure  feeding  the  System.  This  is  accomplished  by  a  three- 
way  valve  which  will  permit  the  operation  of  only  one  tank  at  a  time. 

The  other  system  is  desii^ned  fbr  a  single  pressure  tank,  which  can  he  filled 
during  working  hours  shculd  the  oil  run  low.  The  piping  therefore  is  so 
arranged  that  if  the  pum'p  should  accidentally  be  allowed  to  run,  the  overflow 
of  the  tank  will  be  discharged  back  into  the  main  supply  tank. 

In  many  instances  these  supply  ,  tainks  are  filled  by  gravity  from  the  main 
storage  tanks,  but  this  has  proved  unsatisfactory.  If  the  connection,  is  per- 
manent between  fhe  main  tanks  and  the  pressure  tanks,  and  the  latter  are 
not  properly  vented,  the  supply  of  oil  in  the  storage  tankd  as  well  as  that  In 
the  pressure  tanks  is  liable  to  be  discharged  into  the  buildings.  It  is  recom- 
mended, therefore,  that  no  direct  connection  be  made  between  these  tanks  and 
the  storage  tanks.  * 

Plate  No.  5  shows  how  the  pipe  lines  should  be  run  in  a  large  plant.  This^ 
applies  not  only  to  a  pressure  system,  but  also  to  a  pumping  system  of  any 
kind. 

All  lines  drain  back  to  the  source  of  supply.  They  are  outside  the  building 
as  far  as  possible  and  all  piping  is  underground,  except  the.  short  pipe  leading 
from  the  ground  line  to  furnace.    This  should  be  adhered  to  as  far  as  possible. 

Plate  No.  6  shows  how  the  lines  should  be  run  in  the  buildings  and  to  the 
furnaces  in  order  to  obtain  the  maximum  protection.  This  method  of  protec- 
tion prevents  the  operator  at  a  furnace  from  drawing  more  oil  than  the  furnace 
can  properly  consume;  piotectjng^  therefore  both  operator  and  building.  The 
method  of  testing  the  automatic  stop  valve  as  shown  on  this  plate  is  for  both 
the  master  valve  and  the  group  control  valve. 

All  underground  lines  in  the  building  should  be  at  least  t  inch  in  diameter. 
The  pipes  leading  from  tl^  underground  lines  to  above  the  floor  line  should 
be  at  least  %  inch  in  diameter  and  reduced  by  special  reducing  fittings  and 
extra  heavy  angle  valves,  to  which  the  automatic  valves  should  be  fastened. 
From  there  to  the  furnace  the  lines  should  be  at  least  ^^  inch.  This  gives 
stability  and  strength  to  the  installation,  and  insures  against  breakage  of  pip- 
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ing  which  would  stop  temporarily  the  operation  of  the  plant.  On  account  of 
the  small  amount  of  piping  required  this  heavier  type  of  construction  will 
amply  repay  for  the  expenditure,  and  the  extra  cost  would  not  be  5  per  cent 
on  the  installation. 

There  should  be  no  connection  anywhere  in  the  building  by  which  ail  can 
be  drawn  from  the  fuel  dil  lines  for  lighting  or  other  purposes.  Such  con- 
nections are  rarely  free  frdm  leak  and  eventually  the  ground  becomes  saturated 
with  oil,  which  is  liable  to  result  in  a  serious  fire. 

If  it  is  necessary  to  have  a  connection  for  filling  portable  tanks  or  for 
similar  purposes,  this  should  be  done  by  a  connection  close  to  the  pumps  or 
an  individual  hand  pump  connected  to  the  storage  tanks. 

Rivet  or  Portable  Forge. — Plate  No.  7  shows  a  rivet  forge  which  is 
properly  protected  and  which  should  prevent  accident  in  case  of  ruptured  lines 
or  overfeeding  of  the  furnace.  Whether  the  tank  be'  set  vertically  or  hori- 
zontally, the  same  method  would  be  ajpplied;  but  if  a  horizontal  tank  be  used, 
the  method  shown  oh  Plate  No.  8,  as  »far  as  it  applies  to  this  tank  or  furnace, 
is   recommended. 
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PoRT.A9L£  Wj^ing  Torche3. — PUtcs  Nos.  8  and  9  show  a  safe  type  of 
torch  that  can  be  cheaply  constructed,  and  will  immediately  stop  the  discharge 
of  oil  in  case  of  fracture  in  pipe  or  hose  lines.  , 

Torches  using  single  hose  lines  (where  the  mixing  is  done  close  to  the 
tank)  should  not  be  used,  for  the  reason  that  the  operator  has  no  control  of 
the  oil  in  the  hose  line,  and  if  the  needle  valve  be  kaky  and  the  air  turned 
on,  the  oil  in  the  hose  pipe  line  will  be  immediately  discharged.  This  is 
liable  to  cause  a  serious  fire  or  personal  accident. 

Plans  of  the  proper  burners  to  use  in  connection  with  the  double  hose  line 
for  the  burning  of  fuel  oil  will  be  .supplied  upon  application  to  the  committee. 

/ 
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PLATE  No.  8 


In  the  discussion  the  following  points  were  brought  out : 
Hose  should  not  be  used  if  it  is  possible  to  use  metal  piping*  for 
any  connections  on  oil  tanks  or  oil  burning  equipment.  Metal 
hoods,  of  ample  proportions  and  properly  vented  through  the  roof, 
should  be  provided  over  furnaces  where  necessary  or  where  there 
is  danger  from  a  flash,  or  flare.  Furnaces,  wherever  possible, 
should  be  located  in  non-combustible  buildings,  must  be  on  non- 
combustible   floors    and    a   safe    distance   away  ^'tf ttteMhflammable 
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building  construction  or  other  material;  wooden  columns  or  win- 
dows, if^  necessary,  to  be  covered  or  shielded  with  metal. 


PLATE   No.   9 
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OIL  CONVEYOR  OR  CARRIERS* 

'  Steamers,  etc. — a.  Steamers,  barges  or  vessels  loading  or  discharging  oil 
in  bulk,  shall  not  load  or  discharge  at  wharves  other  than  those  used  by 
the  oil  company,  and  such  wharves  shall  be  well  isolated  from  all  burnable 
property  or  wharfage. 

b.  There  shall  be  a  gate  valve  immediately  at  the  point  in  the  pipe  line 
where  connection  is  made  with  the  hose  leading  to  the  ship  for  the  purpose 
of  shutting  off  the  oil,  and  there  shall  be  another  gate  valve  in  this  line  of 
pipe  at  a  distance  of  at  least  lo  feet  back  from  the  wharf,  where  it  will 
be  readily  accessible  for  the  purpose  of  shutting  the  oil  off  in  event  of 
failure  on  the  part  of  the  valve  first  mentioned. 

c.  A  tight  connection  shall  be  made  with  the  hose  length  at  the  wharf  by 
means  of  a  carefully  threaded  coupling,  to.  prevent  leakage  and  accumulation 
of   oil   around   the   piers. 

d.  Lights.  No  fire  nor  open  lights  to  be  allowed  on  the  vessel  lyl^ile  at 
the  wharf. 

FUEL  OIL  APPARATUS  FOR  COOKING  AND  HEATING 
FOR  HOUSEHOLD  USE* 

The  use  of  oil  as  fuel  for  domestic  purposes  is  regarded  from  the  insur- 
ance viewpoint  as  more  hazardous  than  the  use  of  ordinary  fuel,  such  as 
coal,  wood  and  coke. 

Where  these  systems  are  used  their  hazards  should  be  recognized  and  the 
following  rules  and  precautions  should  be  observed.  All  oil  used  for  fuel 
under  these  rules  shall  show  a  flash  test  of  not  Jess  than  ^00°  Fahr.  (Abel- 
Pensky  Flash  Point  Tester.)  This  flash  point  corresponds  closely  to  io6° 
Fahr.  (Tagliabue  Open  Cup  Tester),  which  may  be  used  for  rough  estima- 
tions of  the  flash  point. 

For  Capacity,  Location,  Material  and  Construction  of  Tanks  and  of  Piping, 
see  pages  139  to   145. 

Pump. — Oil    pump    used    in    filling    auxiliary    tank    from    the    main    supply 
tank    to   be    approved    type,    secure    against    leaks,    with    check   valves    located 
as   close   to   the   pump   as  convenient.      Pumps    should   be    rigidly    fastened    in  ' 
place. 

Note. — Stuffing  box,  if  used,  should  be  provided  with  a  removable  cupped 
gland  designed  to  compress  the  packing  against  the  shaft  and  arranged  so 
as  to  facilitate  removal.     Packing  affected  by  the  oil  must  not  be"  used. 

Auxiliary  Supply  Tank. — a.  If  used,  shall  not  exceed  five  gallons  in 
capacity,  except  by  special  consent  of  the  Inspection  Department  having 
jurisdiction. 

b.  Shall  be  located  at  least  10  feet,  measured  horizontally,  from  the 
burners. 

c.  Shall  be  provided  with  an  overflow  connection  draining  to  the  supply 
tank  and  a  vent  pipe  leading  outside  the  building,  the'  latter  to  have  a 
weatherproof  hood.  To  be  constructed  of  brass,  copper  or  galvanized  plate 
not  less  than  0.050"  (No.  18  U.  S.  standard  gauge)  in  thickness.  Joints  to 
be   made   as   specified   for  outside   storage  tanks. 

Valves. — a.  Readily  accessible  valves  to  be  provided  near  each  burner 
and  also  close  to  the   auxiliary  tank   In   the  pipe  leading  to  burners. 

b.   Controlling   valves   to  be   constructed   as   specified  in   Rule   21b. 

Installation  of  Burners. — a.  Overflow. — Burners  shall  be  installed  with 
overflow   attachment   so   arranged   that   any   surplus   oil   will   drain  by   gravity 
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from  the  burner  through  a  pipe  into  a  substantially  constructed  reservoir 
having 'a  capacity  of  not  less  than  that  of  the  auxiliary  tank. 

Each   tank  to   be   constructed   and   vented   as   provided   for  auxiliary  tanks. 

b.  Draughts. — No  dampers  to  be  used  in  smoke  pipe  between  burner  and 
chimney.  Any  regulation  of  draught  which  is  necessary  is  to  be  accomplished 
through   the    dampers   in    front. 

CoNSTRuctioM  OF  BURNERS. — a.  Thc:  sizc  of  the  orifice  through  which  the 
oil  is  supplied  to  the  burners  should  be  limited  to  furnish  only  sufficient 
oil  for  the  maximum  burning  conditions  when  the  controlling  valves  are 
wide  open. 

b.  Valves  to  be  arranged  so  as   not  to  enlarge  the  orifice. 

c.  Burners  containing  chambers  which  allow  the  dangerous  accumulation 
of  gases  are  prohibited. 

d.  Burners  containing  oil  conveying  pipes  or  parts  subject  to  intense  heat 
or  subject  to  stoppage   from  carbonization   are  prohibited. 

e.  Burners  should  be  designed  so  that  they  Can  be  easily  cleaned,  and 
so    as    not   to   allow   leakage    of   oil. 

Instruction  Card. — A  card  giving  complete  instructions  in  regard  to  the 
care  and  operation  of  the  system  to  be  permanently  placed  near  the  apparatus. 
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SAFETY  CANS 

For  Open  Stock  of  Liquids  which  at  Ordinary  Temperatures 

Give  Off  Inflammable  Vapors* 

Material. — (a)  Weight.  Cans  one  gallon  and  smaller  must  be  constructed 
of  tinned  or  leaded  iron  or  steel  sheets  or  sheet  brass  at  least ''.0125-inch 
thick  (IC=io8  pounds  tin  plate)  or  of  galvanized  sheet  iron  or  copper  at 
least    .0156-inch   thick    (28    gauge    galvanized    iron,    U.    S,    Standard). 

Cans  larger  than  ope  gallon  must  be  constructed  of  turned  or  leaded  iron 
or  steel  sheets  or  sheet  brass  at  least  .ois6-inch  thick  (IX  =  126  pounds  tin 
plafae)  or  of  galvanized  sheet  iron  or  copper  at  least  .oi87-lnch  thick  (26 
gati^    galvanized  iron,   U.    S.    Standard). 

(b)  Quality.  All ,  materials  must  be  annealed  to  allow  working  without 
cracking  the  seams. 

(c)  Coating.  Tinned  steel  sheets  must  carry  a  coating  of  at  least  two 
pounds  per  100  square  feet  (Chareoa!  grade) »  leaded  steel  sh^ts  at  least 
tl\ree  and  one-half  pounds  per  100  square  feet,  galvanized  sheet  iron  at  least 
nine  pounds  per  100  square  feet.  Electroplating  with  copper,  nickel  or  other 
material  equivalent  to  the  tin  coating  above  specified  will  be  acceptable. 

S.EAUS. — Cans,  one  quart  and  larger,  must  be  made  with  straight  seams 
of  body  grooved  or  riveted;  ends  double  seamed,  machine  crimped,  riveted 
or  otherwise  secured  to  body,  so  body  parts  will  remain  together  after 
solder  is   melted.     All  seams  must  be  soldered  tight  or  brazed. 

Closures. — (a)  JBach  opening  into  the  can  body  must  have  an  automatic 
valve,  which  will  remain  securely  closed  with  the  can  in  all  positions,  until 
it  rs  opened  by  the  application  of  manual  pressure  at  a  specific  point  in  a 
definite  direction  (a  series  of  small  holes,  controlled  by  a  single  valve,  is 
considered  a  single  opening).  Provided,  however,  that  a  can  having  a  capacity 
of  one  quart  or  over  may  be  provided  with  a  screw  cap  closure  to  the 
filling  opening  if  the  cap  is  lined  with  flexible  oil-proof  material  and  is 
chained   to   the   can    with   safety   ch&in,   permanently  secured. 

(b)  Cans  one  quart  and  larger,  must  be  provided  with  a  valve  01^  equivalent 
device,  so  copstructed  that  pressure  of  vapor  from  within  will  open  it  and 
relieve  the  pressure  before  it  accumulates  an  amount  sufficient  to  rupture  any 
seam  of  the  c^ji. 

(c)  Cans,  smaller  than  one  quart,  shall  be  limited  to  a  single  valved 
opening  into  the  body  01  the  can  adapted  to  both  filling  and  emptying. 

(d)  Cans  having  closures  which  permit  a  leakage  of  more  than  four  drops 
per  minute,  must  b«  condemned. 

Note. — 60  drops  =«i  teaspoonful  per  hour;  438  drops  =31  fluid  ounce; 
or,   I   pint  in    112  hours. 

(e)  No  can  shall  have  more  than  two  valved  closures,  and  where  two  are 
used,  eaqh  valve  must  be  closed  independently  to  avoid  leaks  resulting  from 
unequal   wear  of  valves  or  from  lost  motion.  <. 

Prohibitions.— Openings  into  the  body  of  the  ctn  provided  with  stuffing 
boxes,  removable  plugs  or  corks,  also  bearing  pins  smaller  in  diameter  than 
3/32-inch    (No.    13  U.   S.   Standard)   are  prohibited. 

Proportions. — To  insure  reasonable  stability,  it  is  desirable  that  the  height 
of  the  body  does  not  exceed  the  diameter  more  than  fifteen  per  cent. 

*  As  recommended  by  th<e  National  Board  of  Fire  Underwriters. 

177  Digitized  by  Google 


178  Fire  Prevention  and  Protection 


Safety   Cans  for  Hazardous  Liquids. 
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OIL  LIGHTING  SYSTEM 

Extensive  use  has  been  made  of  gasoline  to  furnish  light,  par- 
ticularly before  the  large"  field  for  the  use  of  gasoline  for  auto^ 
mobiles  made  such  gasoline  systems  relatively  of  less  importance 
to  the  oil  producers.  The  rapid  improvement  in  the  electrical 
art,  and  the  big  cuts  made  in  the  cost  of  producing  electricity, 
Have  also  tended  to  reduce  the  use  of  oil  lighting  systems.  The 
National  Board  of  Fire  Underwriters  have  issued  rules  covering 
both  Kerosene  Pressure  systems  and  Gasoline  Lighting  systems, 
but  as  these  are  mainly  details  of  construction  of  the  apparatus, 
they  are  not  given  herein.  Several  different  makes  of  each  kind 
are  listed  by  the  Underwriters'  Laboratories  as  being  safeguarded 
insofar  as  the  hazard  permits;  the  use  of  only  such  as  are  listed 
is  strongly  urged,  as  improperly  constructed  appliances  are  a  dis- 
tinct .  hazard. 

Of  the  Gasoline  Systems,  five  classes  are  listed,  divided  as 
follows : 

Class  A — Ma.chines  Having  Outside  Carbureters 

These  machines,  which  do  not  introduce  liquid  gasoline  into  the  building, 
are  regarded  from  an  insurance  viewpoint  as  constituting  the  least  dangerous 
type  of  gasoline  gas  machine. 

To  be  located  outside  the  building,  underground,  at  least  30  feet  removed 
from  all  buildings,  and  the  top  thereof  must  be  below  the  level  of  the 
lowest   pipe   in   the   building   used  in   connection   with   the   apparatus. 

Class  B — Machines   Havihg  Inside  Carbureters 

These  machines  arc  regarded  from  an  insurance  viewpoint  as  more  danger- 
ous than  those  having  outside  carbureters,  owing  to  the  fact  that  they 
introduce  gasoline  in  liquid  form  and  manufacture  gas  inside  the  building. 
Where  permitted  the  following  rules  and  precautions  should  be  rigidly 
observed  r 

Supply  tank  must  be  located  outside  the  building,  underground  where 
possible,  and  below  the  level  of  the  lowest  pipe  in  the  building  used  in 
connection   with   the    apparatus. 

If  impracticable  to  bury  the  supply  tank  the  same  may  be  installed  in  a 
non-combustible  building  or  vault  properly  ventilated,  preferably  from  the 
bottom,  always  remembering  that  it  must  be  below  the  level  of  the  lowest 
pipe  in  the  building  used  in  connection  with  the  apparatus. 

Class   C — Gasoline   Lighting   Systems    Having   Outside    Tanks 
and   Inside  Flame   Heated   Generators 

These  systems  are  regarded  from  an  Insurance  viewpoint  as  more  danger- 
ous   than    the   systems    in    Class   A   or    Class    B.      Where    used    their    hazards 
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should  be  recognized  by  Underwriters  and  the  following  rules  and  pre- 
cautions  should   be   rigidly   observed: 

Supply  tank  must  be  limited  to  6  gallons. 

To  be  located  outside  the  building  and  so  arranged  that  under"  normal 
conditions  the  only  gasoline  in  the  building  will  be  that  contained  in  the 
hollow   wires   leading  to   lamps  or   to   the  common  '  generator. 

Clas^'  D-^asoline  Vapor  Laihps 

.  These  lamps  are  regarded  from  an  insurance  viewpoint  as  even  more 
dangerous  than  the  systems  covered  in  Class  A,  Class  B  or  Class  C,  and 
where  used  their  hazards  shouki  be"  recognized.  If  permitted,  the  general 
specifications  for  the  construction  of  such  devices  aad  for  regelating  s^me 
should  be  observed.  i 

Class  E — Systems  Having  Inside  Tanks  and  Inside  Flame 
Heated  Generators 

These  systems  which  embody  th^  hazard  of  handling  gasoline  inside  build- 
ings are  regarded  from  an  insi!i ranee  viewpoint  as  more  d&ngei-ous  than  the 
devices  covered  in  Class  A,  Class  B.  or  Class  C,  ^^nd  ^on  jsi  pat  with;  those 
of  CJfiss  D.     Wken  used  their  hazards  should  be  rejqo^uizpd.' 

If  permitted,  the.  following  general  specifications  for  the  construction  of 
such  devices  and  for  regulating  same  should  be  observed. 

Supply  tank  not   to  exceed   6  gallons.  ■  ' . 

SHould  prefetaUy  be  located  against  an  outside  wall  arid -so  installed  that 
a  clear  space  is  maintained  above  and  below  from  floor  to  ceiling,  and  for 
at  least  a  foot  on  either  side  of  the  device.  ... 

Note. — Where  located  against  other  than  a  fireproof  wall  to  be  insulated 
therefrom  by  an  ample  sheet  of  metal  placed  tiot  leiiis  tban  i  inch- from  the 
wall*  leaving  an  air  spape.  .  ,       . 
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GASES  AND  VAPORS 

Gas  Defined.— In  a  restricted  sense  the  name  gas  is  applied  to 
bodies  that  exist  in  the  gaseous  state  at  the  ordinary  temperature 
and  pressure,  and  can  only  be  liquefied  or  solidified  by  artificial^ 
means.  Vapors  are  the  gases  given  off,  with  or  withgut  the  aid 
of  heat,  by  bodies  that*  under  ordinary  circumstances  are  either 
solid  or  liquid.  ■    '  , 

When  several .  gases  or  vapors  are  present  they  mijt  with  com- 
parative rapidity;  only  very  dense  vapors  and  very  light  gases 
remaining  unniixeAifor  any  length  of  time» 

Under  ordinary  ciijcum stances,  and  when  in  a  pure  state,  gases 
and  vapors  are  non-explosive,  even  though  combustible'. 

Gas  Explosion. — Explosions  of  gas  or  vapor  sometimes  occur 
in  places  where,  though  there  is  explosive  mixture,  there  is  neither 
fire,  light,  nor  other  burning  substances ;  this  is  due  to  the  migration 
of  the  gas  or  vapor  caused  by  its  relatively  higher  or  lower 
density  than' air.  Such  instances  of  fire  or  explosion  are  said  to 
be  produced  by  remote  fire,  or  flashing  back,  and  may  be  pro- 
duced by  contact  with  a  lighted  stove,  a  lamp,  a  discarded  lighted 
or  burning  match,  or  the  like. 

Explosion  Temperatures. — Gases  and  vapors  may  be  ignited  or 
exploded  by  heat  as  well  as  by  flame.  A  list  of  these  explosion 
temperatures  is;  given  below:      .      < 

,   ,     ,  .  l>egFeesC.     .  '     :.        Degrees.C. 

Oxyhydrogen  gas 620-700  Carbon  disulphide  vapor, ;     100-JlTO 

U^dfe?  t^itisure. . . 518-606            Acetyleilfe J509-515 

Car^jon  tnoponi^e , .  636-814   .  .      Prpp&ne v ......... .     545^548  . 

Methane 656-678             Propylene 497-511 

Ethane. 605-622            Coal  gas 647-649 

Ethylene. 577-599         .    Hydrogen 655 

Limits  of  Explosibility. — ^According  to  Professor  Bunte  of  Carls- 
ruhe,  the  limits  of  explosibility  can  be  greatly  varied  by  circum- 
stances, such  as  the ,  lateral  dimensions  of  the  containing  vessel, 
the  method  -of  ignition,  volume  of  gas  present,  "moisture  content 
of  same,  etc.  The  same  authority  gives  the  following  values  in 
the  case  of  electrical  ignition,  the  mixtures  of  air  with  the  several 
gases  mentioned  exp^loding  when  the  proportion  of  gas  attains  the 
following  percentages; 
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Ran^e  of 
Per  Cent       Explosibility 

Carbon  monoxide. , 16.6-74.8  58.2 

Hydrogen 9.5-66.5  57.0 

Water  gas 12.5-66.6  54.1 

Acetylene,  .v, 3.2-52.2  49.0 

Coal  gas 8.0-19.0  11.0 

Ethylene .- 4.2-14.5  10.3 

Alcohol  vapor 4.0-13.6  9.6 

Methane 6.2-12.7  6.5 

Ether  vapor.., 2.9-7.5  4.6 

Benzol  vapor 2.7-6.3  3.6 

Pentane 2.5-4.8  2.3 

Benzine  vapor ' 2.5-4.8  2.3 

According  to  Dr.  Von  Schwartz,  the  range  of  explosibility  in 
an  admittedly  very  imperfect  series  of  gfases  and  vapors  is  as 
given  below,  the  figures  in  the  first  column  representing  the  mini- 
mum percentage  of  gas,  and  those  in  the  second  the  maximum 
percentage,  at  which  an  explosion  of  the  mixture  is  possible.  The 
gases  are  arranged  in  reverse  order,  starting  with  the  one  exhibit- 
ing the  highest  minimum;  and  the  values  cited  are  merely  approxi- 
mate, great  divergence  prevailing  in  the  figures  given  by  different 
authors. 

Approximate  Relative 
Percentage  Range  of  Explosibility 

Carbon  monoxide' 13-75  3 

Carburetted  air  (air  gas).. .       9-26  ,5 

Waiter  gas 9-55  4 

Coal  gas 8-23  6  . 

Hydrogen 7-75  2 

Carbon  disulphide  vapor,  from  6  downwards  1  Merely 

Ether  disulphide  vapor,   from  6  downwards/  approximate 

Methane  (marsh  gas) 5-13.16  8 

Ethylene 4-22  7 

Acetylene 3-82  1 

Benzol  (Benzine),  2.6-4.8. .       3-6              .  9 

Toluol..: about  7 

Pentane 2.5-5  10 

Above  and  below  these  limits  no  explosion  occurs,  the  mixture 
merely  flashing  at  the  upper  limit.  The  explosion  of  the  mixtures 
can  be  prevented  by  additions  oi'yj^-io  per  cent  of  carbon  dioxide. 

Ventilation. — To  facilitate  solution  of  the  general  problem  re- 
specting the  comparative  advantages  of  roof  and  floor  ventilation, 
lists  of  the  gases  (g)  and  vapors  (v)  respectively  lighter  and 
heavier  than  air  are  given  by  Dr.  Von  Schwartz  as  follows,  the 
density  of  air  being  taken  as  unity. 

(1)  Lighter  than  Air  (Roof  Ventilation) 
0.069  Hydrogen  (g)  0.700  Wood  gas  (g) 

0.400-0.600  Coal  gas  (g)  0.898  Acetylene  (g) 

0.553  Pit  gas  (Firedamp)  (g)  0,945  Hydrocyanic  acid  (g) 

0.588  Ammonia  (g)  0.967  Ethylene  (g) 

0.622  Water  vapor  (v)  .       0.967  Carbon  monoxide  (g) 

Water  gas,  generator  gas,  Dowson  jfas,  power  gas,  and  similar  gases  differ  con- 
siderably in  density  Recording  to  their  composition,  bat  are  all  lighter  than  air. 

0.987-1.015  Mond  gas  (according  to  the  coat  used) 
0.510  Water  gas  ,  .  . 
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(3)  Heavier  than  Air  (Floor  Ventilation) 

1.036  Ethane  (g)  1-.800  Cyanogen  (g) 

1.039  Nitric  oxide  (g)  1.935  Butylene  (g) 

1.105  Oxygen  <g).  2.004  Butane  (g) 

1.120  Methyl  alcohol  (v)  2.104  Carbon  oxysulphide  Cg) 

X.a85  Phofiphuretted  hydrogen  (g)  2.200  Sulphur  (v) 

1.192  Sulphuretted  hydrogen  (g)  2.448  Chlorine  (g) 

-Air  ga8'(carburetted  air)  (v): —  2.565  Ether  (v) 

1.260  With  10%  of  hydririne  2.645  Carbon  disulphjde  (v) 

1.275  With  11  J%  of  hydririne  2.697  Arseniuretted  hydrogen!  (v) 

1.317  With  14%  of  hydririne  2.770  Benzol  (v) 

1.382  Allylene  (g)  2.784  Seleniuretted  hydrogen  (g) 

1.451  Propylene  (g)  3.147  Amyl  alcohol  (v) 

1.520  Propane  (g)  4.215  Chloroform  (v) 

1 .  527  Nitrous  oxide  (g)  4 .  355  Phosphorus  (v) 

1 .  530  Ethyl  aldehyde  (v)  4 .  498  TeUuretted  hydrogen  (g) 

1.690  Hyponitrous  acid  (g)  5.700  Selenium  (v) 

1.613  Alcohol  (v)  6.650  Sulphur  vapor 

1.617  Methyl  ether  (g)     •  8.896  Tellurium  Cv) 
1.738  Methyl  chloride  (g) 

Gas  Containers. — According  to  ^Dr.  Von  Schwartz  in  Fire  and 
Explosive  Risk,  the  following  points  may  be  stated  with  reference 
to  the  fitting  up  of  the  gas  cylinders  and  their  pipe  connections: 

(i)  Liquid  gases  should  never  be  used  or  stored,  not  to  say 
manufactured,  in  workrooms  containing  inflammable  materials  or 
explodible  vessels. 

(2)  The  cylinders  and  pipes  may  only  be  placed  in  suitable 
cool  situations,  shaded  from  the  sun  and  remote  from  any  source 
of  heat  (a  stove  or  lamp). 

(3)  The  waste  gas  that  cannot  be  used  again  must  not  be  allowed 
to  escape  in  or  towards  any  place  where  it  might  become  ignited  by 
sparks,  fire,  or  incandescent  material  (flues).  Exceptions  to  this 
rule  are  afforded  by  the  uninflammable  gases  sulphuric  acid,  am- 
monia, and  carbon  dioxide;  but  oxygen,  though  itself  uninflammable, 
may  stimulate  combustion  in  other  burning  materials,  and  should 
therefore  be  kept  at  a  distance  from  fires  of  all  kinds. 

(4)  The  cylinders  must  fulfil  legislative  requirements,  be 
officially  certified  and  tested,  mounted  on  secure  foundations,  pro- 
vided with  safety  valves  of  sufficiently  strong  construction,  and 
have  been  thoroughly  annealed  at  the  time  of  manufacture. 

(5)  If  the  outlet  valve  be  opened  very  quickly,  the  temperature 
in  the  pressure  re^lator  is  raised  to  a  point  sufficient  to  carbonize 
wood  shavings,  i. '  e.,  160° -200°  C.  This  temperature  has  been 
observed  in  the  case  of  carbon  dioxide,  which  is  harmless, so  far 
as  inflammability  is  concerned;  and  in  the  case  of  inflammable 
gases  the  very  rapid  opening  of  the  valve  would  lead  to  consid- 
erable' risk  of  explosion. 

(6)  Explosions  of  liquefied  combustible  gases  may  easily  cause 
fires,  whereas,  in  the  case  of  incombustible  gases,  e.  g.,  carbon 
dioxide,  ammonia,  sulphur  dioxide,  such  a  result  can  only  occur 
when  particularly  inflammable  materials,  carriers  of  oxygen,  or 
dust-yielding  substances  are  present.  Digitized  by  GoOglC 
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(7)  With  certain  gases  the  escape  fro'm  the  cylinder  is  accom- 
panied by  elfectrical  phenomena,  which  may  prove  a  source  of 
danger,  especially  in  the  case  of  readily  inflamnwible  gases. 

(8)  Cylinders  containing  liqtiid  gases  should  never  be  heate4  to 
more  than  30°  C,  and  this  temperature,  which  may  readily  be 
attained  in  the  sun,  may  induce  explosion  even  in  the  case  of  the 
best-made  cylinders.  Conveying  gas  cylinders  on  open  Wagons 
exposed  to  the  heat  of  the  sun,  is  a  dangerous  proceeding. 

In  the  United  States,  the  Interstate  Commerce  Commission 
has  issued  regulations  covering  the  construction  of  cylinders 
and  drums  for  compressed  or  liquefied  gases  or  gases  in  solu- 
tion. The  provisions  of  these  regulations  have  been  adopted 
by  the  National  Board  of  Fire  Underwriters  for  storage  con- 
tainers for  acetylene  and  like  gjases,  and  are  in  use  by  various 
cities.  Containers  meeting  the  above  regulations  are.  required 
to  have  stamped,  labeled  or  marked  thereon  "  Complies  with  the 
I.  C.  C.  Spec'n  No.  -^."  These  containers,  if  used  Ipr  gases, 
must  be  tested  every  five  years,  and  must  not  show  a  permanent 
expansion   of  over  ten  per  cent. 

These  regulations  provide  that  containers  of  inflammable, 
liquids  must  not  be  entirely  filled,  a  vacant  space  equal  to  two 
per  cent  being  required. 
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Calcium  carbide  in  its  commercial  form  is  hannless  in  so  fa^  as 
the  effect  of  fire  oh  it  is  concerned.  With  the  application  of 
water,  howeverj  it  decomposes  and  generates  sicetylerte ;  when  left 
6pen  its  great  aflii^ty  iot  water  permits  absorption  ol  thoisture 
from  the  stir,  with  a  graduar  Hberation  of  acetylene.  Because  of 
this,  the  commercial  packages  are  made  very  tight;  instances  are 
known  where  large  quafttitJes  have  been  suiik  or  flooded,  with 
no  harmftil  effect  on  the  contents  of  the  dtums.  In  small  quan- 
tities, if  the  containers  are  kept  closed  and  above  the  floor,  to 
prevent  accidental  l-ettitig  in  of  water,  there  is  little  hazard,  and 
storage  is  permitted  in  most  any  place.  For  larger  storage,  the 
rules  of  the  National  Boatd  of  Fife  Underwriters  are  as  foll6ws : 

Calcium  carbide  in  excess  of  600  .pounds  shall  t>e  stored  in  approted  metdl 
packages  above  ground  in  one-stofy  buildings  vvtthout  cellar  or  fajasement 
and  used  exclusively  for  the .  storage  of  calcium  carbide.  Such  buildings 
shall  be  constructed  to  be  dry,  waterproof  and  well  ventilated.  Buildings  • 
shall  be  located  outside  fcongested  taercantilfe  or  manufacturing  districts. 
If  storage  building  is  of  Incombustible  -  construction  it  may  adjom  olftet  otte- 
story  buildings  if  separated  therefrom  by  an  un pierced  fire.WaU;  if  detached 
less  than  ten  feet  from  s]i|ch -.  onerstory  buildings  there  ahall  be  no  openings 
in  the  adjacent  sides  of  either  building.  If  carbide  storage  buil4ing  is  of 
couibustibl^'  construction  it  must  hot  be  withifi  20  feet  of  other  one-story  of 
two-stofy  buildings,  ttor  wHhin  30  feet  of  other  buildings  over  two  ^fori«s. 

Acetylene. — Pure  gas^oUs  acetylene  under  a  pressure  of  less 
than  I  atmosphere  may  be  exposed  to  powerftil  shocks,  blows, 
falls  from  a  considerable  height,  and  the  effects  of  gi^^shotf  wilJhorot 
exploding^  hilt  if  there  is  any  liqriid  acetylene  in  the  vessel  or 
any  sparks  are  producedv  there  will  be  a  violent  explosion.  How-^ 
ever,  as  it  is  highly  explosive  at  2  atmospheres  it  is  desiraMe  not 
to  store  it  under  pressure. 

An3rthing  likely  to  produce  sparks  is  a  source  of  damgdr  to 
acetylene  kept  undisr  {Pressure.  All  vessels  should  be  protected 
f r6m  the  action  of  heat,  since  the  gas  shoU'lid  never  be  heated 
above  100°  F.,  at  which  temperature  the  effects  are  the  same  as 
those  of  direct  ignition,  electric  sparks,  etc.,  and  explosion  may 
result  even  if  the  gas  be  under  moderate  pressure.  An  acetylene 
burner  will  reignite  the  gas  if  the  tap  is  turned  on  again  before 
it  has  cooled. 

Through  the  sudden  opening  of  the  delivery  apertures  of  vessels 
containing  acetylene  under  pressure^  the  escaping  gas  may  betjome 
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so  hot  as  to  take  fire.  The  overcharging  of  the  vessels  that  are 
not  sufficiently  cooled,  or  the  transfer  of  acetylene  from  a  small 
vessel  (under  pressure)  to  a  larger  one,  is  also  a  source  of  danger. 

To  prevent  acetylene  lighting  back  from  the  burner  jet  to  the 
generator,  at  least  two  non-return  valves  or  back-flash  preventors 
should  be  provided. 

To  diminish  the  dangers  of  acetylene  it  is  sometimes  mixed 
with  coal  gas  or  oil  gas.  The  latter  in  particular  is  now  used, 
in  the  proportions  50  per  cent  of  acetylene  and  So  per  cent  of 
oil  gas,  or  60-65  per  cent  of  oil  gas  and  40-35  per  cent  of  acetylene. 
In  addition  to  being  inpxplosiye,  these  mixtures  may  be  subjected 
to  a  pressure  of  6  atpiospheres.  Acetylene  is  not  well  suited  for 
incandescent  lighting,  the  mantles  being  rapidly  injured  and  spoiled 
by  the  violence  of  the  detonations  on  lighting  the  gas.  • 

The  dangers  of  acetylene  have  been  reduped  by  dissolving  the 
*gas  in  liquids  that  are  capable  of  absorbing  it  in  large  quantities. 
Water  is  unsuitable  for  dais  purpose,  since  it  merfely  dissolves  its 
own  volume  of  the  gas ;  and,  besides,  this  solution  is  always  danger- 
ous when  brought  into  contact  with  burning  gases  or  oxygen.- 
Hence  all  water  containing  acetylene,  and  especially  waste  waters 
that  have  stood  in  contact  with  the  gas  for  some  time,  must  be 
handled  with  care. 

The  best  solvent  is  acetone.  Under  ordinary  pressure,  this  liquid 
will  take  up  31  times  its  ow;n  volume  of  the  gas;  and  if  cold  be 
employed,  one  part  of  acetone  will  absorb,  at  —81°  C.  (the  solidifi- 
cation point  of  acetylene),  as  much  as.  2^000  parts  of  acetylene, 
its  Own  volume  being  thereby  increased  4  to  5  fold.  Even  under 
pressure  alone — though  this  is  dangerous— the :  solvent  capacity 
can  be  raised  to  50  volumes  of  acetylene,  to  oncfof  acetone.  The 
solution  may:  be  exposed  to  a  pressure  of  10  atmosph-eres  without 
any  great  danger  being  incurred.  If  the  acetone  is  supersaturated 
with  'acetylene,  or  the  sblution  is  heated  so  that  free  gas  accumu- 
lates in  the  container,  this  gas  will  present  the  same  dangers  as 
acetylene  gas  under  pressure. 

.  In  using  or  generating  acetylene,  it  is.  highly  advisable  to  use 
only  generators:  and  appliances  which  hav6  been  listed  by  the 
Underwriters'  Laboratories,  which  guarantees  that  the  appliances 
have  been  examined  under  a  rigid  set  of  requirements  tending 
largely  to  reduce  the  otherwise  high  hazard  of  this  gas. 

The  insurance  regulations,"  as  given  below,  permit  the  location 
of  stationary  automatic  generators  inside  the  building  being  lighted. 
In  the  first  rules  adopted,  the  larger  sizes  were  prohibited  inside 
buildings,  and  were  required  to  be  in  a  special  generator  hotise 
30  feet  distant ;  because  the  hazard  was  primarily  one  oi^xplpsion 


Acetylene  Apparatus  187 

and  there  was  little  /ire  hazard,  these  have  been  changed,  against 
the  judgment  of  many  insurance  engineers,  who  felt  that  the  hazard 
to  life  was  sufficiently  great  to  still  require  the  separate  generator 
house.  A  form  of  generator  becoming  more  common  is  the  so- 
called  "Pit  Generator;"  this  is  buried  and  is  located  at  least  30 
feet  from  any  building.  While  not  provided  with  all  the  safety 
features  of  the  stationary  automatic  generator  used  inside  a  build- 
ing, the  damage  possible  with  an  explosion  is  greatly  reduced;  it 
is  strongly  recommended  that  this  type  be  used  wnere  possible. 

The  installation  rules  of  the  various  types  of  machines,  as  issued 
by  the  National  Board  of  Fire  Underwriters,  are  as  follows: 

(See  also  appendix  for  changes  made  in  the  Regulations  in 
1916  and  Regulations  for  Classes  D  and  C.) 

The  use  ot  liquid  acetylene  or  gas  generated  therefrom  is  absolutely  pro- 
hibited. 

Class   A — Stationary   Automatic   Apparatus 

1.  Foundations. — a.  Where  practicable  to  be  of  brick,  stone,  concrete  or 
iron.  If  necessarily  of  wood  they  shall  be  extra  heavy,  located  in  a  dry  place 
and  open  to  the  circulation,  of  air.  ^ 

The  ordinary  board  platform  is  not  satisfactory.  Wooden  foundations  shall 
be  of  heavy  planking,  joists  or  timbers,  arranged  so  that  the  air  will  circulate 
around  them  and  so  as  to  form  a  firm  base. 

&.  To  be  so  arranged  that  the  machine  will  be  level  and  unequal  strain  wiU 
not  be  placed  on  the  generator  or  connections. 

2.  Location. — a.  Generators,  especially  in  closely  built  up  districts,  should 
preferably  be  placed  outside  of  insured  buildings  in  generator  houses  con- 
structed and  located  in  compliance  with  Rule  9. 

b.  Generators  to  be  so  placed  that  the  operating  mechanism  will  have  room 
for  free  and  full  play  and  can  be  adjusted  without  artificial  light.  They  must 
not  be  subject  to  interference  by  children  or  careless  persons,  and  if  for  this 
purpose  further  enclosure  is  necessary  it  must  be  furnished  by  means  of 
slatted  partitions  permitting  the  free  circulation  of  air. 

c.  Generators  which  from  their  construction  are  rendered  inoperative  during 
the  process  of  recharging  to  be  so  located  that  they  can  be  recharged  without 
the  aid  of  artificial  light. 

d.  Generators  to  be  placed  where  water  will  not  freeze. 

3.  Escapes  or  Relief  Pipes. — Each  generator  to  be  provided  with  an  escape 
or  relief  pipe  of  ample  size;  no  such  pipe  to  be  less  than  three-quarters  inch 
internal  diameter.  This  pipe  to  be  substantially  installed,  withgut  traps,  and 
so  that  any  condensation  will  drain  back  to  the  generator.  It  is  to  be  carried 
to  a  suitable  point  outside  the  building,  and  terminate  in  an  approved  hood 
located  at  least  twelve  feet  above  ground  and  remote  from  windows. 

The  hood  is  to  be  constructed  in  such  ai  manner  that  it  cannot  be  obstructed 
by  rain,  snow,  ice,  insects  or  birds. 

4.  Capacity. — a.  To  be  sufficient  to  furnish  gas  continuously  for  the  maxi- 
mum lighting  period  to  all  lights  installed.  A  lighting  period  of  at  least  5 
hours  is  to  be  provided  for  in  every  case. 

b.  Generators  for  conditions  of  service  requiring  lighting  periods  of  more 
than  5  hours  to  be  of  sufficient  capacity  to  avoid  recharging  at  night. 

The  following  ratings  will  usually  be  found  advisable: 

(i)  For  dwellings,  and  where  machines  are  always  used  intermittently,  the 
generator  to  have  a  rated  capacity  equal  to  the  total  number  of  buriiers  in- 
Stolled.  '     .        Digitized  by  VjOOQLC 
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(2)  For '3torqs',i  opera  houses,  thealices,'  day  run  factoties,  and  similar  I  s^t- 
vice,  th^e  generator  to  have  a  rated  capacity  of  from  30  to  50  per  cent  in  .excess 
of  the  total  ntmiber  off  burners  installed.  -    *  ' 

(3,)  For  saiopns  and  all  night  or  continued  service^  the  generator  to  have 
a  rated  capacity  of  from  100  to  200  per  cent  in  excess  of  the  total  number  of 
burners .  instalkd.  * 

c.  A  small  gpneratpr  ^ould  never  be  instalkd  to  supply,  a  large  .number  .of 
lights,  even  though  it  seems  probable  that  only  a  few  lights  will  be, used  at  a 
time.     An  overvyrorked  generator  adds  to  the  cost  of  producing  acetylene  gas. 

5.  CARBiDii  Charges. — ^To  be  sufficient  to  furnish*  feaS'  continuously  for  the 
maxfrnum  lighting  period  to- -all  burners  installed.  In  determining  charges 
lump,  carbide  tp.be  estimated,  as  capable,  pf  ;p^coducing  j4%  cubic  feet  of  gas  to 
the  pound,  commercial  ^-inch  carbide  4  cubic  feet  of  gas  to  the  pound,  and 
burners  to  be  considered  as  requiring  at  least  twenty-iive  per  cent  more  than 
their  rated'  Consumpticn  of  gas.  "  . 

6.  Burners.— Burners  consuming  one-half  of  a  cubic  foot  of  gas  per  hour 
are  considered  standard  in  rating  generators.  Those  having  a  gfeafter  or  less 
capacity  will  decrease  or  increase  the  number  of  burners  allowable  in  pro- 
portion. 

Burners  usually  consume  from  25.. to  100  per  ^cnt  more  than  their  rated 
consumption  erf  gas  depending  largely  on  "the  v^orking  presshre.  The  so-called 
%-fo!Ot  burner  when  operated  at  pressttries  of  from. 20  to  25  tenths  inches: water 
column  (2  to  2^^  inches)  is  usually  used*  with,  best  economy. 

7.  Piping. — a.  Connections  from  generators  to  service  pipes  'must  be  made 
ilvith  right  and  left  thread  nipples  or.  long  thread  nipples  with  lock  .nuts.  All 
f brms  of  unions  requiring  gaskets  are  prohibited.      ■ 

h.  Piping,  as  far  as  possible,  to  be  arranged  so  th^t  any  moisture  will  drain 
bkck  to  the  generator.  If  low  points  occur  of  necessity  in  any  piping,  they 
are  to  be  drained  through  tees  into  d^rip  cups  permanently  closed  with  screw 
caps  or  plugs.'    No  pet-cocks  to  be  used. 

c.  A  valve  ahd  by-pass  connection  to  be  provided  from  the  service-pij)e  to 
the  blow-off  for  removing  the  gas  from  the  holder  in  case  it  should  be  neces- 
sary to  do  so.  ]  . 

d.  The  schedule  of  pipe  sizes  for  piping  from  generators  to  burners  should 
conform  to  that  commonly  used  for  ordinary  gas,  but  in  no  case  are  the  feed- 
ers to  be  smaller  than  three-eighths  inch. 

The  following  schedule  is  advocated: 

t,  inch;  pipe,  ,  ^  feet,  thfee  burners, 

inch  pipe,  30  feet,  six  burners.  •        ,      ,i 

inch  pipe,  50  feet,  twenty  burners. 

1  inch  pipe,  70  feet,  thirty-five  burners. 

1.14  inch  pipe,  100  feet,  aixty  burners..  :■  - 

1%  inch  pipe,  150  feet,  one  hundred  burners. 

2  inch  pipe,  200  feet,  two  hundred  burners. 
2^  inch  pipe;  300  feet,'  three  hundred  burners. 

3  ,    inch  pipe,  450  feet,  four  hundred  and  fifty  burners. 
3^  inch  pipe,  500  feet,  six  hundred  burners. 

4  inch  pipe,  600  feet,  seven   hundred   aind   fifty   burners. 

e.  AJachines  of  the  carbide  feed  type  are  not.  to  be  fitted  with  continuous 
drain  connections  leading  to  sewers,  but  must  discharge  in^o  suitable  open 
receptacles  which  may  have  such  connections. 

.  jf.  Piping  to  ..be  thoroughly  tested  both  before  and  after  thp  burners  have 
been  installed.  It  should  not  show  4os8  in  exocss  of  ti^o  inches  of  mercury 
within  twelve  hours  when  subj«cted  to  a  pressure  equal  to  thdt  of  fifteen 
inches  of  mercury. 

g.  Piping  and  connections  to  be  installed  by  persons  experieticed  in  the 
rnitallbtiotis  of  acetylene  apparatus. 

8.  Care  and  Attendance. — tn  the  care  of  generators  d<ej|^<(dj^i(^^Jighting 
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period  of  tfsord  thaa  ^  faours  aWvays  dean  and  toecfaasge  the  generating  cham> 
bers  at  regular  stated  intervals  regardless  of  the  number  of  butners  actually 
used. 

Where  generators  are  not  used  throughout  the  entire  year,  always  remove  all 
water  and  gas  and  dean  thoroughly  at  the  end  of  the  season  during  which 
they  are  in  service. 

It  is  usually  necessary  to  take  the  beB  portion  but  and  invert  it  so  as  to 
allow  all  gas  to  escape.  This  should  never  be  done  in.  the  presence  of  arti- 
ficial light  or  fire  of  any  kind. 

Always  observe  a  r^ular  time,  during  daylight  hours  only,  for  attending  to 
and  charging  the  apparatus.  ' 

In  charging  the  generating  chambers  of  water-feed  machines  clean  all 
residuum  carefully  fronj  the  containers  and  remove  it  at  once  £rom  the  build- 
ing. Separate  from  the  mass  any  unslacked  carbide  remaining  and  return  it 
to"  the  contaitiers,  adding  nefw  carbide  as  required.  Be  careful  never  to  fill 
the  containers  over  tne  specified  mark,  as  it  is  important  to  allo^  for  the 
swelling  of  the  carbide  when  it  comes  in  contact,  with  water.  The  proper  section 
and  economy  of  the  machine  are  dependent  on  the  arrangement  and  amount  of 
ca'i'bide  pliaced  in  the  generator.     Carefully  guard  against  the  escape  of  gas. 

Whenever  recharging  with  carbide  alwiys  replenish  the  water  supply  and  in 
carbide  machines  be  careful  not  to  place  in  the  generator  less  than  one  gallon 
of  water  for  edch  pound  of  the  carbide  capacity,  and  not  to  bring  the  water 
above  the  point  marked  on  the  machine  as  the  proper  level. 

Never  deposit  residuum  or  exhausted  material  from  water-feed  machines  in 
sewer  pipe  or  near  inflammable  material. 

Never  recharge  carbJd^  feed  generators  with  carbide  without  first  cleaning 
out  the  generating  chambers  and  completely  refilling  with  clean  water. 

Never  test  the  generator  or  piping  for  leaks  "with  a  fladie,  artd  never  apply 
flame  to  an  outlet  from  which  the  burner  hasbeen  removed. 

Never  use  a  lighted  match,  lamp,  candle," lahtem  or  any  opeii 'light  near  the! 
machine.  • 

Failure  to  observe  the  above  tfautlons  is  as  liable  to  endanger  life  as  property. 

9.  Outside  Generator  Houses. — a.  Outside  generator  houses  Should  not  be 
located  within  five  (5)  feet  of  any  openirig  into;  nOr  shall  they 'open  toward 
any  adjacent  building,  and  hinst  be  kept  under  lock  and  key.        " ' 

b.  The  dimensions  to  be  no  greater  than  the  apparatus  requires  to  allow 
convenient  room  for  recharging  and  inspection  of  parts. 

c.  Generator  houses  to  be  thdroughly  ventilated,  and  any  artificial  heating 
necedsar)^  to  prevent  freezing  shall  be  done  by  steam  or  hot  water  systems. 

Class   B — Stationary   Npn-Autpmatic   Apparatus 

10.  PouNDATioNS.-ra.  To  be  qft^rick,.  stone  or  concrete. 

b.  To  be  so  arranged  that  the  machine  will  be:  level. and  so  that  strain  will 
not  be  brought  upon  the  connections. 

11.  Ga3  HofJ8£S.>-T-a.  To  be  conUrlicted  entirely  of  non^comhttstible  material 
and  must  not  be  lighted  by  any  system  <fi  illumination  involving  open  fiames. 

b.  To  be  heated,  where  artificial  heating  is  necessary  to  prevent  freezing;  by 
steam  or  hot  #ater  systems^  the  heater  to  be  located  in  a  separate  building, 
and  no  open  flames  to  be  permitted  within  generator  enclosures. 

c.  To  be  kept  ctosedt  and  locked  excepting  during  daylight  hours. 

rf.  To  be  pi-ovided  with-  a  permanent  and  effective  systent  of  ventilation 
which  will  be  operative  at  all  times,  regardless  of  the  period*  of  operation  of 
the  plant. 

12.  Escape  PiPES.-^Each  generator  to  be  provided  with  a  vent  pipe  o€  ample 
size,  subatantiaUy  installed,  without' trails.  •  It  shoitld  be  carri^^^j^suitiblc 
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point  outside  the  building  and  terminate  in  an  approved  lv)od  located  at  least 
twelve  feet  above  ground  and  remote  from  windows. 

The  hood  is  to  be  constructed  in  such  a  manner  that  it  cannot  be  obstructed 
by  rain,  snow,  ice,  insects  or  birds. 

13.  Cake  and  Maintenance. — AH  charging  and  cleaning  of  apparatus,  gen- 
eration of  gas  and  execution  of  repairs  to  be  done  during  daylight  hours  only, 
and  generators  are  not  to  be  manipulated  or  in  any  way  tampered  with  in  the 
presence  of  artificial  light. 

This  will  require  gas-holders  of  a  capacity  sufficient  to  supplv  all  lights 
installed  for  the  maximum  lighting  period,  without  the  necessity  of  generation 
of  gas  at  night  or  by  artificial  light.  / 

,  In  the  operation  of  generators  of  the  carbide-feed  type  it  is  important  that 
only  a  limited  amount  of  carbide  be  fed  into  a  given  body  of  water.  An 
allowance  of  at  least  one  gallon  of  generating  water  per  pound  of  carbide  must 
be  made  in  every  case,  and  when  this  limit  has  been  reached  the  generator 
should  be  drained  and  flushed,  and  clean  water  introduced.  These  precautions 
are  necessary  to  avoid  overheating  during  generation  and  accumulation  of  hard 
deposits  of  residuum  in  the  generating  chamber. 

Class  C — Semi-Portable  Automatic  Acetylene  Apparatus 

Foundations. — (a)  Should  be  so  arranged  as  to  afford  proper  support  for 
the  weight  involved.  If  of  wood,  they  shall  be  located  in  a  dry  place  open 
to   the   circulation   of  air. 

(b)  To  be  so  arranged  that  the  machine  will  be  level,  and  so  that  unequal 
strain  will   not  be   placed  on  the  generator  or  connections. 

(c)  The  generator  must  be  so  installed  as  to  prevent  accidental,  over- 
turning. 

Location. — (a)  Generators  to  be  so  placed  that  the  operating  mechanism 
will  have  room  for  free  and  full  play  and  can  be  adjusted  without  artificial 
light.  Tl^ey  must  not  be  subject  to  interference  by  children  or  careless 
persons,  and  if  for,  this  purpose  further  enclosure  is  necessary  it  must  be 
furnished  by  means  of  slatted  partitions,  permitting  the  free  circulation  of  air. 

(b)  Generators  which  from  their  construction  are  rendered  inoperative 
during  the  process  of  recharging  to  be  so  located  that  they  can  be  recharged 
without  the  ^id  of  artificial  light. 

(c)  Generdtors  to  be  placed  where  water  will  not  freeze.. 

Escapes  or  Relief  Pipes. — If  escape  or  relief  pipes  are  requiiied,  they 
should  conform  to  rule  for  the  installation'  of  other  acetylene  apparatus. 
(See   Rule    3.) 

Piping, — (a)  Shall  conform  to  Rule  7,  except,  that  seamless  brass  tubing 
may  be  employed  provided  the  generator  is  so  designed  that  in  case  of  a 
break  anywhere   in   the   distributing  system,   the   machine   will  be  inoperative. 

(b)  If  conditions  for  recharging  are  such  that  the  machine  must  be  dis- 
connected from  the  piping  system,  it  may  be  connected  with  the  piping  by 
metal  tubing  or  pipe  having  sufficient  flexibility  through  U-bend  or  coil  to 
allow  necessary  adjustm^ent  for  making  connection  without  undue  strain  on 
material  or'  joints. 

(c)  Tubing  must  be  of  sufficient  internal  diameter  td  insure  adequate  supply 
of  gas  with  normal  working  pressure  at  the  generator. 

(d)  Tubing  must  be  of  sufficient  thickness  to  safely  withstand  pressure 
of  500  pounds  per  square  inch,  and  in  no  case  lighter  than  %-inch  outside 
diameter   with    iy64-inch   walls. 

(c)  Must  not  be  secured  in  place  with  stsiples '  unless  bushed,  and  must 
be  suitably  protected  from  mechanical  injury  wherever  the  distapce  above 
the  floor  is  less  than  5  feet. 

Must  be  protected  by  sleeves  where  passing  through  floors,  walls  or 
partitions. 

Must  be  supported  in  ceiling  runs  at  intervals  not.  exceeding  6  feet.  > 


REGULATIONS  FOR  THE  INSTALLATION 
AND  USE  OP  COAL  GAS  PRODUCERS* 

Note. — These  are  installation  rules  only  and  are  not  to  be  considered  as 
specificationis    for   the    construction    of    Coal    Gas    Producers. 

1.  Pressure  Systems. — All  pressure  systems  must  be  located  in  a  special 
building  or  buildings  approved  by  Inspection  Department  having  jurisdiction 
for  the  purpose,  at  such  distance  from  other  buildings  as  not  to  constitute 
an  exposure  thereto,  except  that  approved  pressure  systems  without  gasometer 
naving  a  maximum  capacity  not  exceeding  250  horse  power  and  with  pressure 
in  generator  not  exceeding  two  pounds,  may  be  located  in  the  building,  pro- 
vided "  that  the  generator  and  all  apparatus  connected  therewith  be  located 
in  a  separate  fireproof  room,  well  ventilated  to  the  outside  of  the  building; 
every  communication  if  aiiy  to  be  protected  by  an  approved  fire  door.  In 
kP  '  other  respects  the  apparatus  must  cdmply  with  the  requirements  for 
suction    systems. 

Editor's  Note.— -The  pressure  type  of  system  introduces  an  explosion  hazard 
to  a  slig'ht  degree,  making  the  building  best  suited  one  of  light  non-com- 
bustible character.  For  both  types  of  producers,  the  hazard  of  coal  storage 
is   the   same   as.  for  a  boiler  plant. 

2,  Suction  Systems. — (a)  Approved  suction  gas  producers  may  be  located 
inside  the  building,,  provided  the  apparatus  for  1  producing  and  preparing  the 
gas  is  installed  in  a  well-ventil&ted  room.  At  no  time  shall  the  internal 
pressure  of  the  producer  be  in  eiccess  of  atmospJberic  pressure. 

Note. — ^The  installation  of  gas  producers  in  places  where  open  lights  or 
fire*  are  used  may  be  permitted  by  speciaV  permission  of  the  Inspection  De- 
partment  having  jurisdiction. 

(b)  The  smoke  and  vent  pipe  shall,  where  practicable,  be  carried  above 
the  roof  of  the  building  in  which  the  apparatus  is  contained,  and  above 
adjoining  buildings.  When  buildings  are  too  high  to  make  this  practicable 
the   pipe   shall  end  at  least   10   feet   from   any  wall  opening. 

No  smoke  nor  vent  pipe  shall  be  within  9  inches  of  any  woodworic  or 
any   wooden   lath   and   plaster  partition   or  ceiling. 

Where  smoke  and  vent  pipes  pass  through  combustible  partitions  they 
shall  be  guarded  by  galvanized  iron  ventilated  thimbles  at  least  12  inches 
larger  in  diameter  than  the  pipes,  or  by  galvanized  iron  thimbles  built  in 
at  least  8  inches  of  brickwork  or  other  incombustible  material.  They  shall 
not  under  any  circumstances  be  connected  inta  chimneys  or  flues  except  that 
the  pipe  may  pass  up  in  flues  used  for  no  other  purpose.  No  smoke  pipe 
shall  pass  through  any  floor  nor  through  a  roof  having  wooden  framework 
or   covering. 

(c)  Platforms   used   in   connection   with   generators   must   be   incombustible. 

(d)  The  producer  and  apparatus  connected  therewith  shall  be  safely  set 
on  a  solidly  built  masonry  foundation. 

(e)  While  the  plant  is  not  in  operation  the  connection  between  the  gen- 
erator and  scrubber  must  be  closed  and  the  connection  between  the  producer 
and  vent  pipe  opened,  so  that  the  products  of  combustion  can  pass  into  the 

•As   recommended  by   the   National   Board  of   Fire   Underwriters. 
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open  air.     This  must  be  accomplished  by  means  of  a  mechanical  arrangement 
which    will    prevent    one    operation    without   the   othier. 

(f)  The  producer  must  have  sufficient  mechanical  strength  to  successfully 
resist   all   strains   to   whibh    it   will   be    subjected    in   practice. 

(g)  Wire  gauze  not  larger  than  30  mesh  to  the  inch  or  ^ta  eqi^tvalent  must 
be  used  in  the  test  pipe  outlet. 

(h)  If  illuminating  or  other  pressure  gas  is  used  as  an  alternative  supply, 
the  connections  miist  be  so  arranged  as  to  make  the  mixing  of  the  two 
gases  or  the   use  of  both  at  the  same  time  impossible. 

If  illuminating  or  other  pressure  gas  is  used  as  a  supplementary  supply, 
mixing  of  the  two  gases  may  be  permitted  if  a  suitable  device .  is  provided 
to  prevent  the  supplemental  gas  from  entering  any  part  of  the  producer 
gas    equipment,   including   the   scrubber    or   purifier. 

(i)  The  opening  for  admitting  fuel  shall  he  provided  with  some  charging 
device  so  that  no  considerable  quantity  of  air  can  be  admitted,  or  gas^ 
escape,   while  charging. 

(j)  Before  making  repairs  which  involve  qj^mng  the  gas  passages  to  the 
air,  the  producer  fire  must  be  drawn  and  quencjbyed  and  all  combustible  gas 
blown  out   of  the  apparatus  through   the  vent  pipe. 

(k)  Except  for  pressure  producers,  the  opening  fpr  admitting  air  into 
the  producer  during  operation  may  be  inside  the  building  subject  to  the 
approval   of   the   Inspection    Department  having  jurisdiction. 

(1)  The  apparatus,  must  have  name  plate  giving  the  name  of  the  device, 
capacity  and  name  of  maker. 

Note. — For  installation  of  engines  used  in  connection  with  these  producers, 
see  Regulations   for  Internal  Combustion   Engities. 

Hazard  of  Electric  Lanlips 

The  U.  S.  Bureau  ,of  Mines»  as  the  result  of  an  investigation*  reports  that 
the  naked  filaments  of  all  standard  lamps,  energised  at>' rated  voltage,  will 
igaile  explosive  gaseous  mixtures?  that  alt  cla*s6es  of  standard  carbon  lamps 
will  sometimes  ignite  gas  when  the  tips  of  the  bulbs  Kre  broken  off;  that  the 
filament  temperature  of  all  classes  of  standard  lamps  and  of  all  but  one  class 
of  miniature  lamps  can  be  increased  to  sucfc  a  degree  that  the  lamps  when 
smashed  will  ignite  gas;  that  severs!  classes  of  both  standard  and  miniature 
lamps  when  smashed  while  burning  at  fated  voltage  will  invariably  ignite  gas. 

The  Underwriters'  Laboratories  list  a  watchman's  portable  electric  safety 
lanlp^  consisting  of  a  lead  plate,  ■  2  V.  storage  battery  enclosed  in  alumitium 
case*  A  small  incandescent  lamp,  together  with  a  special  switch,  safety  glass 
and  shells  are  mounted  on  the  top  of  basing.  For  watchman's  use;  Also  a 
miners'  portabJe  efecthc  safety  lamlp,  consisting  of  a  battery,  reflector  and 
saCety  features  same  as  wPtcbman's  larap«  Batteirf  is  enclosed  in  a  case  for 
fastening  to  miner's  belt,  and  reflector  is  designed  to  fasten  to  miner's  cap. 
Electrical  connection  is  made  between  the  two  by  length  of  small  armored 
cord  and  bayonet  receptacles  and  plugs.     For  use  in  mines. 

Fire  hazard  of  these  lamps  under  any  conditions  liable  to  be  met  iri  service 
is  judged  to  be  practicably  negligible,  although  it  is  recognised  that  under  con- 
ditions remotely  possible  the  more  explosive  vapors  can  be  ignited  by  the  hot 
filaments  exposed  by  breaking  of  lamps  used. 

The   results  of.  tests,  supplemented .  by  reports  of  extensive  field  experience, 

indicate  that  these  lamps  are  suitable  for  general  use  and  are  especially  suitable 

for   use    wherever    flammable    or    explosive    vapors    or    gases    are    liable    to    be 

encountefed.  (     r\r\n\c> 
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Gas  Shut-Off  Valves 

Owing  to  the  fact  that  fires  are  frequently  caused  or  increased 
in  volume  as  a  result  of  the  escape  of  inflammable  gases,  which 
cannot  be  readily  controlled  on  account  of  the  inaccessibility  or 
absence  of  shut-off  valves  in  the  system  of  pipings  or  on.  account 
of  the  fact  that  ordinary  valves  where  installed  may  not  be  opera- 
tive after  long  standing,  a  properly  located  manually  operated 
valve  in  such  piping  should  be  provided. 

The  Underwriters'  Laboratories  list  several  makes  of  gas  shut-off 
valves.  The  equipment  consists  essentially  of  a  valve  connected 
by  a  protected  rod  or  cable  with  a  control  handle  in  a  pull  box 
located  at  some  readily  accessible  point. 

As  given  in  the  regulations  issued  by  the/ National  Board  of  Fire 
Underwriters  issued  in  1913  the  installation  should  be  as  follows: 

Installation. — a.  Shut-off  valve  preferably  to  be  located  in  a  substantially 
constructed  pit  outside  the  building  wall.  Pit  to  be  provided  with  a  locked 
cover  and  to  be  no  larger  than  necessary  tc  allow  the  proper  inspection  and 
adjustment   of  the  valve.      Valve  should   be   protected   against   freezing. 

Note. — Inspection  departments  and  local  authorities  having  jurisdiction  to 
be  consulted  when  the  valve  cannot  be  located  as  specified  above.  When 
necessarily  installed  inside  of  building,  valve  to  be  located  as  near  as  possible 
to   the  point   where  gas  main  enters   building. 

b.  The  installation  of  the  valve  to  be  such  that  the  hazards  from  falling 
walls,  etc.,   will   be   minimized. 

c  The  valve  to  be  located  in  such  a  manner  that  it  may  be  readily  inspected 
and  reset  by  authorized  persons. 

d.  The  valve  to  be  protected  from  accumulation  of  moisture  as  far  as 
practicable,  and  to  be  kept  free  from  accumulation  of  lumber  or  other  material. 

e.  Control  handle  for  closing  valve  to  be  in  a  locked  metal  pull  box  pro- 
vided with  a  glass  or  metal  cover  suitably  marked  to  designate  its  purpose. 
Pull  box  to  be  located  so  that  it  will  be  readily  accessible  from  outside  of 
building,  and  to  be  secured  to  a  non-combustible  wall  where  possible. 

f .  Connection  >  between  valve  and  control  handle  to  be  run  as  directly  as 
practicable,  and  to  be  entirely  enclosed  in  galvanized  iron  or  steel  pipe  or 
approved  conduit  to  prevent  interference  with  operation,  accidental  closure, 
or   tampering. 

Note. — Connection  between  valve, and  control  handle  by  means  of  a  single 
direct  rod  is  preferred.  Where  the'  character  of  the  installation  is  such  that 
the  direct-rod  connection  is  impracticable  the  use  of  a  cable  connection,  if 
acceptable  to  inspection  departments  and  local  authorities,  may  be  permitted. 

g.  Where  a  cable  connection  Is  used  between  valve  and  control  handle, 
the  conduit  is  to  be  securely  anchored  and  provided  with  suitable  roller 
fittings  at  angles  which  will  prevent  sticking  of  the  cable. 

Note. — Bends  in  conduit  and  unnecessary  joints  which  are  liable  to  cause 
friction  or  lost  motion,  are  to  be  avoided. 

h.  Supplementary  pull  boxes  for  operating  valve  from  inside  of  building, 
if  used,  must  be  so  arranged  that  they  will  not  in  any  way  interfere  with 
the    manual   operation    referred   to   above. 

Note. — Supplementary  controls  are  not  to  be  used  unless  acceptable  to 
inspection  departments  and  local  authorities,  who  should  be  consulted  in 
reference  to   location  of  control  stations. 

i.  Valve  mdchanism  and  pull  boxes  to  be  locked  so  as  to  be  accessible  only 
to    authorized   persons.  Digitized  by  VjOOQ IC 
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Note. — Automatic  means  for  closing  valves  max  ^  ^^  value  for  the  pro- 
tection of  fusible  meters  or  connections.  Where'  meters  and  connections  are 
of  such  construction  that  gas  will  not  escape  in  case  of  fire  an  automatic 
contrtA  is  of  little  value  and  may  lead  to  the  premature  extinguishment  of 
the  lights  in  the  building. 

Cars  and  Attendance. — The  valve  and  its  attachments  should  be  inspected 
at  least  once  every  six  months,  and  after  a  valve  has  been  used  to  shut  oiJ 
the   gas  it  should  be  reset  only  by  authorized  persons. 
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CONSTRUCTION  AND  OPERATION  OF 
LAUNDRIES* 

No  combustible  material  shall  be  permitted  in  the  construction  of  an/ 
laundry  drying  room  hereafter  erected  in  hotels,  apartments,  tenements, 
asylums,    convents,    prisons,    and    similar    public    institutions. 

Note. — It  is  strongly  recommended  that  all  laundry  drying  rooms  be 
made  of  incombustible  materials.  The  extra  cost  of  such  fireproof  con- 
struction is  not  excessive  and  this  is  offset  by  the  increased  life  of  the 
structure.  The  reduction  in  fire  hazard  by  the  use  of  such  construction  is 
very  marked. 

If  drying  rooms  are  constructed  of .  wood,  the  inside  surface  of  all  walls, 
ceilings,  partitions,  and  doors,  shall  be  covered  in  every  part  with  a  layer 
of  sheet  asbestos  not  less  than  %  inch  thick;  and  over  this  a  layer  of  sheet 
metal.  The  metal  shall  be  nailed  in  place  with  locked  joints  covering  the 
nail   heads. 

If  wheel  racks  are  used  which  roll  on  the  floor  of  the  drying  room,  the 
floor  shall  be  covered  with  heavy  sheet  steel  suitable  to  resist  the  wear  of 
the  wheels;  or  it  may  be  covered  with  brick,  concrete,  tile,  or  any  incom- 
bustible composition  flooring  approved  by  the  Superintendent  of  Buildings. 
If  drying  racks  are  of  such  type  as  not  to  abrade  the,  floor,  it  may  be 
covered   the  same   as   the   sides   and  ceiling. 

If  any  windows  are  placed  in  drying  room  walls  or  ceilings,  they  shall 
be  glazed   with  wired  glass,  set  in   stationary   approved   metal  sash. 

If  a  vent  pipe  be  used  in  connection  with  a  drying  room,  it  shall  be 
wrapped  its  full  length  with  sheet  asbestos,  corrugated .  asbestos,  or  some 
equivalent  fireproof  material  satisfactory  to  the  Superintendent  of  Buildings, 
Such  covepng  shall  be  not  less  than  %  inch  in  thickness,  and  shall  be 
securely    attached    to    the    pipes    with   wire    or   metal    bands. 

No  part  of  a  vent  pipe  shall  be  placed  nearer  than  6  inches  to  any 
exposed    woodwork. 

In  the  vent  pipe,  in  or  near  the  drying  room,  there  shall  be  placed  a  fine 
wire  screen  to  catch  the  lint  and  dirt  that  is  drawn  out  of  the  drying  room. 
The  screen  shall  be  arranged  to  permit  of  easy  removal  for  purpose  of 
cleaning,  and  it  shall  be  the  duty  of  the  person  in  charge  of  the  drying 
room   to   see   that   tlie  screen  is  kept   clean. 

Note. — For  requirements  for  ventilating  systems,  see  page  204. 

The  inside  of  the  drying  room  shall  be  thoroughly  cleaned  at  least  once 
a  week  to   remove   any   dust  or   lint  that  may  have  accumulated   therein. 

The  dust  and  lint  shall  be  thoroughly  cleaned  from  all  dryroom  tumblers, 
ironing  machines,  and  mangles  at  least  once  per  month.  Particular  attention 
shall  be  paid  to  cleaning  the  driving  mechanism  where  such  accumulations 
may   be   saturated    with    oil.  * 

Note. — These  precautions  are  taken  because  of  the  well  recognized  danger 
of  fire  due  to  an  accumulation  of  lint  and  dust  in  conjunction  with  the 
inevitable  spark  from  some  unexpected  source.  Even  spontaneous  com- 
bustion  is  known   to   have  started   such   a   fire. 

•Abstracted  from  a  suggested  ordinance  issued  by  the  National  Board  of 
Fire  Underwriters. 
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Ventilating  fans  for  drying  rooms  shall  be  constructed  entirely  of  metal, 
and  shall  have  all  bearings  outside,  and  easily  accessible  for  oiling  and 
daily   inspection. 

Fans  shall  be  so  installed  as  to  be  automatically  stopped  when  the  tempera- 
ture  around   them   reaches   300   degrees.  F. 

All  heating  pipes  in  drying  rooms,  whether  single  tr  in  coils,  shall  be 
in  vertical  tiers  and  be  protected '  by « vrir^  screens  of  a  mesh  not  exceeding 
14  inch.  Such  screens  shall  be  rigidly  placed  at  a  distance  of  not  less  than 
2  inches  trom  the  pipes  or  their  connections  in  every  part.  The  screens  shall 
be  conveniently  removable  for  purposes  of  repairing  pipes  or  removing  dust 
therefrom. 

No  stove  or  any  heating  appliance  burning  gas,  gajsoline,  coal  or  other 
fuel  shall  be  permitted  in  any  drying  room. 

No  gas  lights  or  lamps  of  any  kind  shall  be  permitted  in  any  drying  room. 

No  combustible  material  of  any  character  shall  be  allowed  to  be  stored 
or  to   accumulate  upon  the  top  or  against   the  sides  of  any  drying  room. 

In  all  wooden  drying  rooms  hereaftier  erected, '  there  shall  be  introduced 
through  the  ceiling  or  near  it,  a  one-half  inch  live  steam  pipe  directly  con- 
nected to  the  boiler.  Said  pipe  shall  be  fitted  in  the  drying  room  with 
automatic  sprinkler  heads  set  to  open  at  300  degrees  F.  The  number  arid 
location  of  heads  to  be  controlled  by  the  standjird  sprinkler  rules  of  the 
National  Board  of  Fire  Underwriters,  and  there  shall  be  a  "  sealed  open " 
cut-off  valve  in  the  boiler  room  which  can  be  closed  in  case  of  emergency, 
or  for  repairs. 

tri  lieu  of  this  steam  pipe  connection,  the  drying  room  may  be  protected 
by  automatic  sprinklers  installed  under  the  ceiling  according  to  the  sprinkler 
rules  of  the  National  Board  of  Fire  Underwriters,  except  that  the  water 
may  be  taken  from  the  city  supply,  provided  it  will  give  a  pressure  of  10 
pounds  at  the  sprinkler  heads  with  all  heads  open.  All  sprinkler  heads  shall 
be    set   to    open   at    300   degree   F. 

Combustible  floors  under  dryroom  tumblers,  or  other  similar  apparatus 
using  steam  from  a  boiler  rated  at  50  pounds  pressure  or  over,  shall  be 
protected  by  a  shret  of  metal  over  a  %  inch  layer  of  asbestos  or  asbestos 
building    lumber. 

All  stoves  used  for  laundry  purposes  ill  non-fireproof  buildings  shall  be 
supported  on  metal  legs  not  less  than  6  inches  in  length. 

A  combustible  floor  under  a  laundry  stove  shall  be  protected  by  a  H  inch 
layer  of  «heet  asbestos  or  asbestos  building  lumber,  upon  which  a  course 
of  hollow  brick  shall  be  laid  in  cement  mortar;  and  over  the  brick  there 
shall  be  placed  a  sheet  of  galvanized  iron  of  a  thickness  not  less  than  No.  26 
gage.  The  whole  protection  shall  eixtend.  24  inches  beyond  the  stove  on 
all  sides. 

The  sheet  metal  may  be  lapped  down  over  the  sides  of  the  layer  of  brick 
and  be  nailed  to  the  floor  to  assist  in  holding  the  brick  in  place,  but  the 
metal  must  not  project  over  the  ends  of  the  brick  sufficiently  to  cover  any 
portion   of  the   hollow  spaces  and  thereby  obstruct   a   free  circulation   of  air. 

The  installation  of  laundry  stoves  as  regards  their  proximity  to  wooden 
partitions,  ceilings,  or  furred  walls,  shall  conform  in  all  particulars  to  the 
requirements,  for  stoves  and  ranges  presented  on  page  340. 

All  machines  used  for  ironing  or  finishing  purposes  which  are  heated  by 
gas  or  any  volatile  inflammable  fluid,  shall,-  so  far  as  possible,  be  vented 
by  metal  pipes  into  some  safe  jilace  outside  the  building,  or  into  a  chimney 
ftue.  In  no  case  shall  the  vent  opening  of  such  imachines  be  permitted  to 
face  any  passageway,  nor  any  part  of  a  laundry  floor  where  operatives  would 
be  stationed,  or  likely  to  pass  within  a  distance  of  5  feet  of  the  vent.  All 
such  machines  shall  be  placed  at  least  2  feet  from  any  woodwork. 
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Collar  or  cuff  shapers,  or  stands  for  sad  or  polishing  Irons*  which  are 
hcjated  by  gas,  or  any  volatile  inflammable  fluid,  and  rest  on  wooden  tables, 
floors,  or  other  wooden  supports,  shall  have  between  them  and  the  woodwork 
a  %  inch  layer  of  asbestos  or  asbestos  building  lumber,  covered  with  a 
sheet  of  metal.  The  aforesaid  protective  material  shall  extend  the  full  size 
of  the  heating  appliance.  No  such  heating  stand  shall  be  placed  nearer 
than  18  inches  to  any  combustible  wall  or  partition  unless  such  wall  or 
partition   be   protected   ii;i  the   same   sianner   as  specified  for   tables.    . 

No  rubber  or  other  combustible  tubing  or  hose«  shall  be.  used  for  gas 
connections  to  any  laundry  heating  appliance,  except  that  necessary  for 
certain  types  of  flat  irons  which  are  used  while  being  heated.  All  other 
connections    shall    be    made    with    standard    metal    pipe   ai^d  fittings., 

The  gas  used  for  heating  purposes  shall  be  supplied  by  a  system  of  piping 
entirely  separate  from  that  used  for  lighting,  and  the  main  supply  pipe  for 
the  heating  system  shall 'have  a  cut-off  valve  near  the  meter  which  shall  be 
closed   at   the  end  of  each  day's  work. 

No  matches  other  than  safety  matches  shall  be  permitted  to.  be  used  in 
any  laundry.  ...  ,       » 

Note. — Some  careful  laundrymen  require  that  all .  gas  heated  laundry  ap- 
pliances be  ignited  by  means  of  a  wax  taper,  or  a  portable  electric  gas 
lighter.      This    practice    is    commended. 

It  shall  be  tht  duty  of  the  manager  or  person  in  charge '  of  the  laundry 
to  see  that  the  g^s  is  shut  off  from  all  ironing  or  other  heating  surfaces  at 
the  close  of  each  day's  work,  and  that  all  sad,  polishing, 'or  other  ^ch 
irons   are   placed    on   some  incombustible   support.  :• 

He  shall  also  set  that  no  combustible  material  be  allowed  to  aoctiiriulate  about 
any  of  the  heating  machines.  All  waste  paper  or  other  combustible  material 
shall    be    kept   in    metal   cans. 

If  the  packing  room  £knd  the  laundry  adjoin,  they  shall  be  sepairated  by 
a    fireproof    partition. 

Note. — 'Sections  covering  electric  wiring,  volatile  infla'mm&ble  '  liquids,  gas 
and   acetyline   are   omitted    as  being  covered  by   other   parts  of  this  book. 
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Origin  and  Distribution  of  Dusts. — ^During  the  process  of 
handling  grain  large  quantities  of  dust  are  produced.  The  coarse 
or  heavier  diist  settles  on  the  floors,  steps,  machinery,  etc.,  while 
the  very  finie  dust  rises  into  tlie  atmosphere,  and  settles  on  beams, 
rafters  aiid'  other  inaccessible  poipts.  The  bolters,  rolls,  purifiers, 
etc.,  all  produce  a  large  quantity  of  dust  during  their  process  of 
operation,  and  if  a  satisfactory  system  of  dust  collectmg  is  not 
installed  a.  portion  of  the  dust  may  escape  into  the  surrounding 
atmosphere.  During  the  grinding  process  considerable  dust  may 
also  escape  into  the  air  if  proper  provisions  are  not  taken  to  keep 
the  machinery  in  repair.  The  conveyor  lines  and  elevator  legs, 
in  case  of  any  defect  in  construction,  will  allow  the  dust  to  enter 
the  surrounding  air.  At  the  discharging  point  of  grain  into  stor- 
age, an  opportunity  is.  given  for  the  dust  to  escape  into  the  air 
and  settle  on  surrounding  projections.  In  addition,  to  the  various 
sources  enumerated,  there  are  possibly  a  number  of  others,  but 
the  ones  mentioned  generally  cover  the  sources  that  produce  the 
largest  quantity.  An  important  consideration  in  the  prevention  of 
the  accumulation  of  dangerous  dusts  would  be  to  attack  the  point 
where  the  dust  is  produced,  and  not  deal  exclusively  with  its 
removal  after  it  has  settled  in  dangerous  quantities.  It  is  true 
that  the  escape  of  dust  cannot  be  entirely  prevented,  but  it  can 
be  reduced  to  such  an  extent  that  its  complete  removal  can  be 
more  certain. 

EfHciency  of  Dust-Collecting  Systems. — The  introduction  of 
dust-collecting  systems  in  the  milling  industry  has  succeeded  in  the 
practical  elimination  of  the  old  dust  or  "stive"  room.  When  this 
dust  room  was  in  use,  such  as  at  the  time  of  the  Minnesota  ex- 
plosion in  1878,  and  the  Illinois  explosion  in  1893,  the  dust  was 
conveyed  or  carried  to  the  "  stive "  room  from  the  various  parts 
of  the  mill.  This  always  made  an  "  explosive  chamber,"  as  it 
were,  allowing  sufficient  dust  to  be  in  suspension  to  produce  a 
violent  explosion,  if  ignited.  With  the  present  system  of  dust 
collection  as  •  applied  to  modern  mills  this  particular  source  of 
danger  is  done  away  with,  and,  by  means  of  air  currents,  the  dust 
is  carried  to  the  collector  and  deposited.  Many  millers  seem  to 
feel  a  sense  of  security  if  such  a  dust-collecting  system  is  in  good 
working  order,  and  that  this  danger  from  explosions  is  practically 
eliminated.  Owing  to  the  difference  in  types  of  grinding  machines 
used  in  flour  and  feed  milling,  the  flour  miller  feels  an  additional 
amount  of  protection  from  the  fact  that  a  series  of  sparks  neces- 
sary to  ignite  the  dust  cloud  will  not  be  as  readily  produced  by 
the  grinding  "  rolls "  as  when  attrition  or  friction  mills  are  used. 
However,  it  would  not  be  advisable  to  conclude  that  flour  mills 
are  not  as  liable  to  experience  explosions  as  feed  or  cereal  mills, 
owing  to  this   one   difference   of   machinery  installation,   as   other 

*  Abstracted  from  a  repert  of  the  U.  S.  Bureau  of  Mines, 
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sources  are  often  present  which  may  cause  a  spark  or  fife  and 
generate  an  explosion  which  would  extend  to  the  highly  inflam- 
mable dust  usually  prevalent  in  any  grinding  mill. 

Observations  in  various  mills  would  seem  to  indicate  that  at 
times  some  of  the  dust  collectors  do  not  work  as  effectively  as 
at  other  times.  In  some  cases  dust  has  been  in  suspension,  form- 
ing a  noticeable  cloud  near  the  collecting  device,  probably  due  to 
defective  equipment.  When  this  occurs  the  very  finest  part  of 
the  dust  leaks  out  into  the  atmosphere,  and  when  mixed  with  suf- 
ficient air  forms  a  dangerous  mixture. 

Laboratory  Investigations  of  Inflammability  of  Grain  Dust. — 
Following  the  disaster  in  Minnesota  in  1878,  Professors  Peck  and 
Peckham  carried  out  $ome  tests  upon  the  explosibility  of  flour 
dusts.  They  found  that  two  ounces  of  these  dusts  together  with 
two  cubic  feet  of  air  would  produce,  when  ignited  in  a  box  with 
a  frame,  an  explosion  that  would  lift  two  men  standing  on  the 
cover.  It  has  been  calculated  that  a  sack  of  flour  suspended  as 
dust  in  4,000  cubic  feet  of  air  "(a  room  20x20x10),  when  ignited, 
would  generate  sufficient  force  to  throw  2,500  tons  100  feet  high. 

More  recent  work  upon  the  inflammability  of  carbonaceous  dusts 
has  been  carried  out  by  R,  V.  Wheeler,  Chief  Chemist  for ,  the 
Explosion  in  Mines  Committee,  England.  He  tested  a  large  num- 
ber of  various  kinds  of  dusts  by  two  different  methods — one  for 
the  purpose  of  discriminating  between  harmless  and  dangerous 
dusts ;  the  other  with  the  intention  of  ascertaining  the  temperatures 
at  which  inflammation  of  the  dangerous  dusts  takes  place  readily. 
As  a  result  of  these  tests  he  divided  the  dusts  into  three  classes, 
namely : — 

**  Class  I. — Dusts  which  ignite  and  propagate  flame  readily,  the  source  of 
heat  required  for  ignition  being  comparatively  small;  such,  fpr  example,  as 
a  lighted  match. 

"  Class  II.' — Dusts  which  are  readily  ignited,  but  which  for  the  propaga- 
tion of  flame  require  a  source  of  heat  of  large  size  and  high  temperature 
(such  as  electric  arc>,  or  of  long  duration  (such  as  the  flame  of  a  Bunsen 
burner).  .... 

"  Class  III. — Dusts  which  do  not  appear  to  be  capable  of  propagating  flame 
under  any  conditions  likely  to  obtain  in  a  factory;  either  (a)  because  they 
do  not  readily  form  a  cloud  in  air,  01:  (b)  because  they  are  contaminated 
with  a  large  quantity  of  incombustible  matter,  or  (c)  because  ,the  material 
of  which  they  are  composed  does  not  burn   rapidly  enough." 

Clas's  I 

Sugar  Maize 

De^ttrine   (calcined  farina)  Tea        '  '     ■       ■ 

Starch  Compound  cake  < 

Cocoa  .  ,  Grain  (grain  storage) 

Rice,  meal  and  sugar  refuse  Rape    seed" 

Cork  Cornflour 

Unextracted    soya   bean  "*^       Flour    (flour   mill).  ,.     ■ 

Wood  flour  Chicory 

Malt  Briquette- 

Oat  husk  '  Clramophone  record 

Grain    (flour    mjll)  Extracted  soya    bean 

Clas3  II 

Copal  gum  Oil  cake  , 

Leather  Oifal   grinding  (bran)\ 

"Dead"   cork  Grist  milling  C^r^mn]r> 

Cocoanut    oil    milling  Horn   meal  Digitized  by  VjUVJ^H^. 
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Rice  miUing  ,    .    Mustaf^  :•  ,   , 

Sawdust  , '  .  Shoddy     .    '    '  ,     ' 

Castor  oil  nieal'  *"  '  Bhtlla'c  tbmposition 

."...'  i'ciaas  Ul   ". 

Organic    ammonia  .  <              Drug  grinding 

To^baccp     ,    J       ..,     .  Qottpn   seed-  , 

Spiice ,  inillin§     ■  . ;    Cottpp  seed  and  soya  bean 

Bdne  meal      •>'       '  •              Charcoal 

Coal    (foundry"  blacking)  •    Foundry  ;blacking 


Lamp  black  ; ,  •  Brush  ^  car|>on 

Sack  cleaning  ,  Stale  cpke 

Retort  carbon    ,  ,  Plumbago. 


Rape  seed   (Ktis^an)  •      i,.    B^tie  charcaal' < 

Blacking     ■        .  .  JS^iner^  and  ivory  black 

CJrain  cleaning 

The  elassification>  as  here  .given,  is  accorciipg  to  the  inflammabil- 
ity. ;Of  the .  sample  tested.  Other  results  might  be  oljtained  from 
other;  samples   of    the    same   material,    especially   those   placed    in 

cj.a^s  m.  .  .     ,  ,1.  . 

.,  The  U,'  S,  Bureau. of  Min'fes,  aftQf  a  series  of  t^sts,  reports  that: 
"Althoiig^  sufficient  work  has .  not  been  done  to  allow  oi  any  ab^ute 
stiitenietttit  tke  results  thus  far  indicate .  that  all  dusts  tiiat  ar«  made  in  the 
iuindiing  ahd  working  np  of  grain  litito  food,  products  can  be  ignited^  under 
pfoper  conditions,  and  also  will  propagate  a  flame,  moit.  ol  (^lem  with 
explosive  viol<ence.  This  statement  should,  not  be  taken  as  meaning  that 
the  dusts  will  ignite  of  themselves,  thalt  is,  spontaneously;  but  when  heated 
to  their  i'gnitlonitemperature  will  ignite  an4  will  ptopagate  a  tlame.  Ijn 
othfe^  wo Pds,  there  must  be  sbtae  outside  souit-oe  of  heat.  This  may  be 
vet^  sinall;  fiuch  as  a  heated  coil  of  'wire;  as  used  in  the  aboVe  tests,  if 
the  temperature  is  sufficiently  high;  or  it  may  be  larger,  as  a  flame,  which 
may   have   a   lower  temperature   hvii  k   larger  heating  surface." 

Amdunt  of  Dust  that  will  Propagate  an  Estplosion.— In  dust 
explosions  usually  two  reports  are  heard;  the  first  is  described  as 
a  shar^,  quick  sound,  followed  by  a  secon(i  of  a  loud,  rumbling 
nature,  and  lasting  for  a  much  longer  period  a:nd  usually  followed 
by  fire,  destroying  the  plant.  The  theory  of  this  is  that  a  very 
small  quantity  of  fipe  dust  in  suspension  becomes  ignited,  causing 
the  first  sharp  report,  which  would  produce  sufficient  concussion 
to  disturb  settled  and  packed  dust 'on  surrounding  ledges  and  pro- 
jections, filling  the  air  with  an  additional  explosive  mixture.  The 
heat,  or  flame  from  the  original  srtiall  puff,  wotild  cause  an  ignition 
of  this  newly  formed  mixture,  and  the  explosion  "would  propagate 
throughout  a  very  large  area,  until  r the  entire  dust  zone  would  be 
covered.  Because  of  the  possibility  of  this,  it  is  necessary  to 
prevent  even  small  accumulations  of  dust,  particularly  near  points 
from  which  sparks  or  flame  may  originate. 

Many  theories  and  ideas  have  been  advanced  as  to  the  conditions 
under  which  dust  explosions  are  produced  and  the  amount  of  dust 
in  suspension  necessary  to  originate'  the  explosion,  all  probably 
based  on  different  tests  and  experiments.  It  is  generally  agreed 
that  the  dust  must  be  fine  and  dry,  and  in  a  state  of  suspension 
in  the  atmosphere,  and  there  must  be  a  proper  proportion  in 
diffusion  so  that  the  explosive  mixture  will  ignite  with  sufficient 
force  to  propagate  to  an  explosion.  It  is  therefore  evident  that 
to  prevent  explosions  practically  all  the  dust  must  be  removed, 
or  the  amount  of  air  kept  down  to  a  minimum. 

Causes  of  Grain-Dust  Explosions. — The  following  causes  have 


Expi.os;ipiUTy  of  Grain.  Dust  201 

been  assigned  to  many  of  t^he  explosions  in  milling  plants  through- 
out .thi^  country  and  abroad:       .,         .      . 

(i)  Use  of  open  lights,  or  ;iakecl  flames,  such  as  lamps,  tprches, 
gas  jets,  lanterns,  candles,  matches,  etc. 

(2)  Property  fires.  ;.  .    . 

[(s)  Int^roduction  of   foreign   material   in  grinding  machines.  , 

(4^  Electric  sparlcs  f ron>  motors,  fuses,  switches,,  lighting  systems. 

(5)  Static  electricity,  produced  by  friction  of  ppUeys,.?md.' belts, 
grinding  macfiines,  etc  ,     ., 

A  dcitailed  discussion ,  of  the  Jirst  two  (?la^ses  is  not  necessary; 
re(;9^nizing.  t^iie  e3<;plosive  hazard  pf  dust  Is^den  air,  it  is  obvious 
that  all  ^ne  causes  in  ( i )  should,  be  guarded  against.  Many  violent 
e?£pl9sions  have  pcc.urre'd.  jd[uriji|5,n:>iU  fires.„  as  the  force  from  the 
fire  prodi^ces  sufficient  cop cussiop  to  jar  .accumulated  dust  into 
suspension. 

A  large  number  of  explosions  in  more  recent  years  have  been 
traced  to  the  introdqction  of  foreign,  m^^rials  intp  grinding 
machines,  particularly,  in  grinding  oat  hups,  and  feedsi  Particles 
of  foreign  material  seem  tp  pass  th^  separating  systems  and,  com- 
ing in  contact  with  the.  grindin|g  plates  of  tJtie  .machines,  produce 
sufficient  sparks  to  cause  an  ignition  of  the  dusts  in  the  grinding 
machines  and  cpnveyor.  lines.     ,  j     .  . 

Eixplosions  ha'vp  been  assigned  !tp  tjbe  ignition  of  tlie  dust  cloud 
by  an  electric  arc,  and  by  sparks,  from;  mp torsi  blpwn  fuses,  switch- 
boards, starting  boxes,  lighting  systems,  etc.,  A  disa&trpus.ex- 
plo^on  ii;  Liverpool,  England^  in  191 1,  wa^.due;  to  the  ignition 
of  oust  stirred  up '  by  .the , breaking  of  a-ibelt.  ,  The  cause  of  the 
ignition  was  due  to  ,  sparks  f rqm  '  a  blown  fusje  of  a  temporary" 
s\vitckl;>Oiard.    ■...,,■.•",:  '..,!, 

ThJ5,,prpdi;ction  of  static  electricity,  by  fnQtion  of  pulleys  and 
belts'  nas  been  assigned  as  the,  ^auae  bfrec^^t  du$t  explosions. 
Although  experiments  have  not  been,  conducted  along  this. lii^  to 
show  that  a  dust  cloud  c?in  be  ignited  in  this  manner,  a,  recent 
experiment  by  the  U.  S.  pureau  of  Mines  showed  very  clearly 
that .  sufficient  static  electricity  could  be  produced  by  a  very  spiall 
pulley  and  shaft  to  readily,  ignite  gas.  A.  rnjUing  pornpany  in 
Texas,  engaged  in.  grinding  cottoi)s«ed,, cake  into  meal,  states,  that 
aft^r  experiencing  a  series  of  explosions,  the  insulating  of  a. certain 
grinding  machine  prevented  any  repetition  of  previous  occur^rences. 
The  fact;  that  explosions  have  beep  known  tp  occur  at  times  when 
the, feed., pt  grinding  niachiines  wa^  ,c]Ut  off,  seems  to  .indicate  that 
an  unknpyrn  factor  ipay  be  the  responsible  agent.  . 
;  Prevention  of  Grain-pust  Explpsibns.— Since  only  a  yery  small 
quantity,  of  dust  ix^  suspension  i^  necessafy;  .|:o  present  conditions 
f ^.vorable .  to  ignition,  it. would,  appear  adyisafcj.i9  that  the  proper 
thing  to  do  would  be  ^o  .^yoi.d  the  production :  or;  escape  of  dust 
into  the  atpiosphere,  as  far  as  this  is  possible.  From  the  large 
number  of  explosions  thopght,  to  have  heen  due  tp  the  presence 
of  foreign  material  in  the  .graip,  ^t  appears,  th^t  the  grain  contains 
a  ,  portion  of  1  this  material  from  the ,  original  point  of  shipment 
and  suggests  the  importa-njC^  of  cleaning  the  gr^in  fit; the  very  first 
stagey  of  ha;ndljng..  In  addition  to  this,  source  of,  danger  the 
size  of  the  bins;  receiving  ground  material  has  an  important  rela- 
tion to  the  eajitent  of  the i. fire  p?  the .  violence ;  of  the  explosion. 
If  .the  Wn  is  : of.  large  .dimensions  and;  very  d^ibedi^feit^^l^ery 
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large  area  that  may  become  filled  with  very  fine  dust  in  suspension. 
A  number  of  violent  explosions  have  occurred,  due  to  a  flame  coming 
in  contiact  with  the  suspended  dust  in  bins  containing  only  a 
small  quantity  of  grain. 

It  is  necessary  in  mills  and  elevators,  for  the  workmen  to  deter- 
mine at  freqijent  intervals  the  amount  of  grain  that  the  storage 
bins  contain.  A  cotnmon  practice  is  to  lower  a  light  of  some  kind 
into  the  bin,  to  observe  or  measure  the  quantity  of  grain.  Many 
explosions  have  occurred  when  open  lights  and  lanterns  were 
introduced  into  grain  bins  for  this  purpose,  and .  the  practice 
cannot  be  too  strongly  condemned.  The  relation  of  the  electric 
spark  to  the  ignition  of  the  dust  cloud  has  not  been  fully  deter- 
mined by  experiment,  and  many  companies,  for  this  reason,  have 
discontinued  the  lowering  of  incandescent  electric  light  bulbs  into 
dusty  atmospheres.  There  is  a  tendency  for  the  workmen  to 
become  hasty  in  an  effort  to  ascertain  the  quantity  in  a  series  of 
bins,  and  the  bulb  may,  by  contact  with  the  side  of  the  bin  or 
floor,  become  broken  and  introduce  an  element  of  possible  danger. 
The  desired  result  can  be  obtained  by  lowering  a  *'  tape  '*  with  a 
weight  attached  to  the  end,  and  the  exact  measurement  can  be 
recorded. 

Where  lights  must  be  used  an  approved  type  of  portable  electric 
lamp  should  be  provided.  The  Electrical  Section  of  the  Bureau  of 
Mines  has  recently  approved  three  different  types  of  lamps  for 
safety  in  gaseous  mixtures. 

Electric  bulbs  in  dusty  atmospheres  located  near  machine^  where 
there  is  a  possibility  of  the  lamp  becoming  broken,  or  at  points  in 
the  mill  where  workmen  may  strike  the  lamp,  especially  when 
carrying  a  projection  of  sopie  kind  on  their  shoulder,  should  be 
enclosed  in  strong  wire  guards  or  protectors;  and  it  would  be 
advisable  also  to  enclose  each  bulb  in  a  vapor-proof  globe.  An 
extra  safety  feature  would  be,  whenever  possible,  to  locate  all 
fuses  on  light  and  power  circuits,  switches,  starting  boxes,  motors, 
etc.,  at  points  where  dust  is  not  present  in  dangerous  quantities. 

An  adequate  system  of  preventing  or  collecting  dust  should  be 
provided  and  maintained;  in  fact,  from  the  point  where  the  grain 
or  other  material  enters  the  building  to  its  final  distribution,  it 
should  not  be  allowed  to  be  dischiarged  or  moved  in  such  a  manner 
that  dust  nijjy  escape. 

At  any  point  where  open  delivery  is  necessary,  powerful  suction 
dust  collectors  should  be  provided.  To  prevent  explosions  due 
to  sparking  in  milling  machinery,  vents  are  often  providied;  these 
are  essentially  safety  or  explosion  valves,  to  permit  the  release  of 
pressure  caused  by  incipient  explosions ;  to  be  bf  value  they  must 
be  of  good  size,  and  under  no  circumstances  should  they  open  into 
any  part  of  the  building.  Lately  experiments  have  been  made  with 
checking  devices  which  hold  back  a  sufficient  amount  of  the 
material  to  almost  completely  exclude  any  air  at  the  point  where 
sparks  may  be  expected ;  such  ain  appliance,  when  perfected,  will 
tend  largely  toward  reducing  the  hazard  of  explosions  originating 
or  traveling  through  conveyors  and  machinery. 

Besides  the  dust  collecting  systems,  the  removal  of  dust  which 
has  settled  in  the  mill  is  necessary.  The  usual  method  is  to 
sweep  up  the  floors  with  a  broom  and  dust  off  all  rafters,  etc' 
This  removes  the  larger  particles  and  much  g^|tizlb^  fc^^O^te  but 
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the  finest  and,  therefore,  most  dangerous  dust  is  only  stirred  up 
to  mix  with  the  fine  particles  already  in  the  air.  In  any  of  the 
larger  mills  and  in  any  dust  laden  section  of  a  smaller  plant  a 
complete  vacuum  cleaning  system  should  be  installed,  similar  to 
that  used  by  the  housewife  in  cleaning  her  home.  The  cost  of 
installation  may  be  high  but  the  thoroughness  is  undisputed  and 
it  will  save  in  the  number  of  employees  usually  necessqry  for 
cleaning. 
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BLOWER   SYSTEMS* 

Blower  systems,  which  are  often  an  economic  necessity,  usually 
introduce  an  additional  hazard  contributing  to  the  cause  and  spread 
of  fire,  particularly  when  used  for  conveying  stock  and  refuse.  It 
is  impossible  to  eliminate  the  fire  hazard  from  such  systems,  but 
reasonable  safeguards  can  be  provided  to  reduce  it. 

The  general  standards  applicable  to  blower  systems  are  sub- 
divided into  two  classes: — 

A.  Heating  and  Ventilating  Systems. 

B.  Stock  and  Refuse  Conveying  Systems. 

Class  A — Heating  and  Ventilating  Systems 

1.  Blowers.     (The  word  blowers  is  used  to  include  blowers  and  fans.) 

(a)  Blowers  shall  be  so  located  •  as  to  be  accessible  for  repairing  and. 
lubricating. 

(b)  Casings  to  be  strongly  built  and  properly  reinforced  where  necessary; 
joints   shall   be   air-tight. 

Casings  and  runners  shall  be  entirely  non-combustible,  and  large  enough 
not  to  require  overspeeding. 

To  prevent  accidents,  openings  into  casings  shall  be  protected  with  sub- 
stantial screens   or  their  equivalent. 

(c)  Bearings  and  journals  to  be  constructed  in  accordance  wifh  the  best 
modern  machine  design  and-  so  proportioned  as  to  prevent  over-heating.  The 
bearings  shall  be  self-oiling  and  so  designed  as  to  prevent  leakage  of  oil. 
They  shall  be  located  outside  of  casings  or  ducts  wherever  possible.  If 
located  inside  of  casings  or  ducts,  oilless  self-lubricating  bearings  shall 
be  used,  made  of  bronze  bushings  fitted  with  plugs,  such  as  graphite  or 
metaline. 

2.  Ducts.     (The  word  ducts  is  used  to  include  ducts,  flues,  pipes  and  tubes.) 

(a)  Openings  through  floors  for  the  circulation  of  air  from  one  story  to 
another   shall   not  be  used. 

(b)  Entire  system  of  ducts  to  be  self-contained;  no  rooms,  hallways,  attics, 
hollow  spaces,  voids,  nor  other  portions  of  the  building  shall  be  used  for 
air  chambers  or  ducts,  unless  of  fire-resisting  constructon,  and  then  only 
by   permission   of  the   inspection   department   having  jurisdiction. 

(c)  Ducts  shall  be  made  of  galvanized  iron  or  other  approved  non-com- 
bustible material.  The  same  applies  to  enclosures  of  steam  coils  u.sed  for 
heating   air. 

(d)  To   be   thoroughly  braced. 

(e)  To  be  substantially  supported  by  metal  hangers,  brackets  or  their 
equivalent. 

(f)  Where    subject    to    mechanical    injury,    ducts   to   be   properly    protected. 

(g)  In  no  case  shall  the  clearance  between  any  metal  ducts  and  combustible 
material  be  less  than   i  inch. 

(h)  The  'passing  of  ducts  through  fire  walls  should  be  avoided  wherever 
possible.      Where    ducts    pass    through    fire    walls   they    shall   be   provided    with 

*  From  the  -Regulations  issued  by  the  National  Board  of  Fire  Underwriters 
in   1915. 
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automatic  dampers,  or  national  standard  vertical  automatic  fire  doors,  located 
on  each  side  of  ttie  wall  through  which  they  pass. 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 


.  (i)  All  ducts  passing  through  floors  shall  be  made  of  or  protected  through- 
out by  approved  fire- resisting  material,  such  as  4-inch  brick,  hollow  tile, 
or  2-inch  cement  plastered  pa>rtition  supported  by  a  substantial  steel  frame. 
(j)  Where  a  vertical  duct  has  an  outlet  on  more  than  one  floor,  automatic 
dampers  shall  be  provided  on  all  outlets  opening  directly  from  such  vertical 
^ucts  and   at   all   connections   where    ducts   branch    from   such   vertical   ducts. 

Editor^s  Note. — The  object  of  these  requirements  is  to  prevent 
fire  from  spreading  from  one  floor  to  another  through  ducts. 

(k)  Joints  between  ducts  and  floors,  walls  or  partitions,  must  be  made 
tight   by   non-combustible   material.  Digitized  by  vjOOQ IC 
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(1)  Outlets  on  supply  and  exhaust  ducts  should  always  be  protected  by 
means   of   register   faces   or   wire   screens. 

(m)  Intake  of  air  to  be  from  outside  except  in  re-circulating  systems, 
and  shall  be  taken  only  from  areas  containing  non-combustible  material. 
Intakes  must  be  protected  with  rolling  shutters  or  heavy  doors. 

Intake  and  intake  rooms,  steam  coils  and  blowers,  etc.,  shall  be  segregated 
in  a  room  cut  off  by  fire-resisting  partitions  from  other  portions  of  the 
building. 

(n)  Blower  systems  should  preferably  have  an  emergency  or  automatic 
control  to  shut  them  down  in  case  of  fire.  This  may  be  done  automatically 
by  means  of  devices  utilizing  fusible  links,  thermostats,  or  automatic  sprinklers. 
Such  installations  to  be  subject  to  the  approval  of  the  inspection  depart- 
ment  having   jurisdiction.  • 

3.  Ventilation  of  Cooking  Appliances,  (a)  Ventilating  ducts  used  to 
carry  off  the  grease-laden  vapors  from  hoods  over  cooking  appliances,  espe- 
cially in  kitchens  of  large  restaurants  and  hotels,  shall  be  constructed  simi- 
larly to  boiler  smoke  fiues,  and,  if  of  metal,  must  be  of  not  less  than  No.  16 
U.  S.  gauge,  so  substantially  built  that  the  grease  and  gum  could  be  removed 
from   the  interior  by   burning  out  under   a  flash  fire. 

(b)  The  ventilating  ducts  shall  be  an  independent  system  in  no  manner 
connected  with  other  house  ventilating  systems. 

(c)  Ducts  should  not  be  connected  to  stacks,  chimneys  or  flues  used  for 
other   purposes.  ,  ^  . 
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(d)  A    live    steam    jet    should    preferably    be    provided    at    the    end    of    the 
duct  nearest  the  cooking  appliances. 


Class  B — Stock  and  Refuse  Conveying  Systems 

The  high  velocity  of  the  air  and  the  inflammability  of  the  stock  or 
refuse  which  these  systems  are  usually  designed  to  handle  make  them  espe- 
cially  hazardous. 

The  specific  requirements  of  a  ventilating  system  detailed  under  class 
"A"  shall  be  applied  to  the  stock  and  refuse  conveying  systems,  also  the 
following: 

4.  Blowers.  (a)  Blowers  shall  be  installed  on  proper  foundations  and 
secured  in  place  in  a  manner  subject  to  the  approval  of  the  inspection 
department   having  jurisdiction. 

(b)  Bearings  of  blowers  shall  not  extend  inside  of  blower  casings  or  ducts. 

(c)  It  is  recommended  that  oilless  self-lubricating  bearings  be  used,  made 
of  bronze  bushings  with   plugs   such   as   graphite   or   metaline. 

(d)  Connections  between  discharge  end  of  blower  and  maineduct  must  be 
made   so   as  t^  prevent   leakage  of   fine   dust. 

(e)  Blowers    through    which    inflammable    materials    pass    shall    have    blades 
<,of    composition,    copijer    or    brass.      Ample    clearance    to    be    provided    for    all 

blades. 

5,  Ducts.      (a)    Duct?    for   conveying   stock   and    refuse    shaU  J?e^  inade    of 
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suitable    non-combustible    materials,    preferably    galvanized    iron.      All    joints 
shall  be  riveted  and  soldered. 

(b)  Lock  joints  are  acceptable  for  longitudinal  seams  in  pipes  used  under 
suction.     All  such  joints  shall  be  made  dust  proof. 

(c)  Spiral  pipes  to  be  full  riveted  and  soldered. 

(d)  Provision  shall  be  made  for .  the  wear  due  to  friction,  at  all  points 
of  change  of  direction,  by  making  long  bends,  by  using  heavier  metal,  and 
in  case  where  abrasive  materials  are  to  be  conveyed,  by  inserting  an  approved 
form    of   inside   lining   that   may   readily   be   «newed. 

(e)  Suitable  tight-fitting  sliding  clean-out  .'doors  to  be  provided  on  all 
conveyor  ducts  at  sufficient  intervals  to  facilitate  cleaning  of  ducts  or 
removing    obstructions. 

(f)  Suction  ducts  shall  be  provided  at  all  machines  producing  dust  or 
combustible    refuse,    and    shall   be    connected    to   exhaust    fans. 

(g)  *'  Sweep-tip "  pipes  should  be  $o  protected  as  not  to  admit  material 
which   would   be  ^large   enough   to   damage  blower. 

(h)  Trunk  line  ^hall  be  foin  on  the  '(lutside  wall  of  the  building  with 
ducts  from  each  machine  and  each  tioot,\  passing  out  directly  through  the 
wall  and  discharging  into  the  trunk  line.,  If  inside  of  building,  the  trunk 
duct    shall   be   overhead   rather   than    under  the   benches. 

(i)  The  air  vents   from  the  system  shall  discharge  outside  of  building. 

(j)  Where  dust  or  readily  infiamaiable  material  can  accumulate  on  or 
near  blowers  and  ducts,  they  shall  be  grounded  to  prevent  ignition  of  these 
materials   from  a  discharge  of  static  electricity. 

6.  Automatic  SPRiNKtERS.  ' Inhere  shall  bei  an  approved  sprinkler  near  the 
feed  end,  and  at  the  discharge  outlet,  inside  the  condenser,  if  such  is  used, 
and  also  a  sprinkler  to  protect  the  blower.  In  some  cases,  sprinklers  may 
be  installed  inside  the  ducts.  Such  sprinklers  should  be  arranged  in  an 
off-set  or  dome-shaped  casing  and  not  in  the  direct  path  of  the  draft. 
Sprinklers  with  smooth  deflectors  that  will  not  catch  the  flyihg  stock  are 
desirable. 

7.  Cycloi^e  Collectors  o^i  Separators,  (a)  The  cyclones  or  separators 
shall  be  outside  the  building,  and  so  located  as  not  to  constitute  a  hazard 
to  adjacent  structures.  Their  construction  and  supports  shall  be  of  incom- 
bustible material.  If  the  cyclone  of  necessity  is  placed  within  10  feet  of 
wooden  walls,  inflammable  structureSi  or  openings  .into  buildings,  it  shall 
be  provided  with  a  metal  pipe  extending  to  a  point  above  the  main  roof, 
or  other   safe   location. 

(b)  The  refuse  ;  from  the  cyclones  and  separators  .^s  .  to  discharge  by 
gravity  into  a  vault  as  described  in   Section  9. 

(c)  If  the  discharge  :from  the.  cyclone  or  separator  conveys  the  refuse 
directly  to  the  fire .  boxes  of  boilers*  the  feed  spout  shall  have  an  open  end 
discharging  into  a  suitable  receiver  near  \he  furnace,  so  that  when  the 
furnace  gets  choked  the  refuse  will  fall  out  on  the  boiler  room  floor  giving 
the  fireman  %  warning,  also  it  would  prevent  "  back  fire "  when  the  fan 
blowing   the    refuse    is    stopped. 

.  Editor's   Note. — The  above   section  applies  mainly  to ,  conveyors  ^ 
of  sawdust,  cotton  waste  and  such  substances.    Where  considerable' 
dust  of  a  combustible  character,  see  page  199,  is  being  conveyed, 
the  delivery  direct  to  a  boiler  is  strongly  recommended   against. 
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^or  stlch'  material,  the  opening  in  the  discharge  pipe  Wbtild  not 
prevent  a  **  back  fire." 

•  (d)   The  air  vent  from  the  separator  must  hot  be  connected  to  a  chimney, 
(e)   If   the   air    vent    carries   objectionable   dust,   as   in    the    case    of    refuse, 
such    as    from    grain    elevators,    etc.,    the    use    of    a    simple    air    washer,    or 
other  suitable  filter,  is  recommended  for  eliminating  the  dust. 

A  screen  shall  be  installed  in  the  air  ven^  to  prevent  sparks  from  entering. 

8.  Special  Cases,  (a)  Readily  ignitible  stock,  such  as  cotton,  should  not 
pass  through  the  fan.  The  system  should  never  be  connected  directly  to 
picker  or  other  hazardous  machines.  Systems  handling  such  stock  shall 
operate  entirely  under  suction  with  a  device  such  as  a  **  condenser,"  or 
large  separating  chamber  to  discharge  the  stock  from  the  pipe  or  conduit 
before  it  reaches  the  fan.  Stock  should  be  fed  to  system  preferably 
by  hand.  Stock  shall  enter  such  a  system  in  an  upward  direction 
and  the  pipe  should  continue  upward  for  at  least  ten  feet  to  allow 
any  henvy  substances  or  foreign  material  in  the  stock  to  drop  out.  If  the 
pipe  must  leave  the  room  at  a  lower  level,  a  long  radius  inverted  U  may 
be   used  to  obtain  the  necessary  vertical  distance. 

(b)  Systems  using  mixtures  of  cotton  and  wool  which  cannot  be  handled 
by  condensers  and  which  operate  under  fan  pressure,  shall  discharge  to 
non-combustible   bins   or  boxes   with   outside   vents   through   screens. 

(c)  Conditions  which  approach  those  favorable  for  explosive  mixtures 
should    be    subject    to    a    spepial    investigation. 

(d)  The  dust  from  sand-paperhig  machines,  granulators  and  pulverizers, 
bufting  or  polishing  wheels,  emery  wheels  and  from  other  machines  pro- 
ducing a  very  fine  dust,  shall  have  a  suction  system  Independent  of  the 
cyclone,    which    connects    with    the    refuse   vault. 

The  dust  should  be  settled  by  spraying  in  an  enclosed  chamber  of  in- 
combustible material,  thus  eliminating  the  hazard  of  the  dust  room.  Dust 
from  the  machines  may  also  be  discharged  directly  into  running  water  if 
suitable  provision  is  made  for  its  collection  and  removal. 

(e)  For  mills,  such  as  malt,  cereals,  sugar,  celluloid,  etc.,  it  is  recom- 
mended  that   an   explosion   flap   be   provided    in   a  metal   pipe    leading  outside 

'uf  the  building  so   that  in   case  of  an  explosion   in  the  mill  the  flap   opens 
and  the  explosion  spends  itself  outside  the  building. 

9.  Vaults,  (a)  Vaults  for  shavings,  refuse,  etc,  shall  be  located  outside  of 
building.  Walls,  floor  and  roof  shall  be  of  brick  or  other  approved  fire* 
resisting  material. 

(b)  Openings,  if  any,  between  vault  and  boiler  room  should  not  exceed 
9  square  feet,  and  bottom  of  opening  be  not  less  than  6  inches  above  the 
level  of  boiler  room  floor.  Openings  to  be  located  at  least  8  feet  from 
the  firing  door  of  boiler,  preferably  at  right  angles,  and  protected  by  a 
standard    automatic   fire   door. 

(c)  Roof  of  vault  to  be  provided  with  proper  ventilating  opening  not 
less  than  6  inches  in  diameter.  As  a  protection  from  the  weather  this 
opening    may    be    fitted    with    a    suitable    metal    ventilator. 

(d)  Vaults  shall  be  protected  by  approved  automatic  sprinklers.  Where 
such  protection  is  not  available,  steam  jets  may  be  installed  for  fire  extinguish- 
ing purposes. 

(e)  Where  dust-producing  machines  are  used  only  on  a  small  scale,  the 
dust  or  refuse  may,  by  special  permission  of  the  inspectio|;^iz^^(t9^K^^4^ng 


r 


2IO  Fire  Prevention  and  Protection 

j<ijiri,sdiction,  discharge  into  9  substantial  metal  dust  box,  qr  other .  approved 
receptacle  located  outside  the  building,  in  lieu  of  a  vault.  The  receptacle 
to  have  a  hinged  door  or  cover,  which  will  readily  open  and  vent  a  fire 
or  explosion  within. 

(f)  A  water  tank  may  be  used  in  lieu  of  the  dust  box.  In  such  cases 
the  tank  should  be  provided  with  water  supply,  overflow  and  drain  pipes. 
On  the  water  supply  pipe  a  proper  float-controlled  valve  shall  be  installed 
to  maintain  a  constant  water  level.  It  is  recommended  that  the  enid  of  duct 
be  submerged  into   the   water  at  least   one  inch. 
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•  STORAGE  OF  EXPLOSIVES 

The  storage  and  handling  of  explosives  is  seldom  found  in  city 
risks,  being  usually  restricted  to  one  or  two  classes  of  occupancies. 
In  general,  the  best  safeguard  to  throw  around  them  is  to  put 
the  handling  and  keeping  of  explosives  in  charge  of  only  careful 
men  of  known  character,  who  understand  the  danger  of  the  sub- 
stance handled;  this  fitness  of  the  employee  is  of  vital  importance. 

In  general,  storage  of  explosives  should  not  be  near  places  of 
assembly,  as  often  the  panic  of  the  people  in  such  a  place  will 
cause  more  loss  of  life  than  the  actual  explosion. 

Some  fireworks,  as  given  below,  are  very  dangerous  and  should 
be  prohibited  in  any  place.  In  general,  the  firing  off  of  fireworks 
is  dangerous  both  to  life  and  property,  and  for  several  years  a 
country- wide  campaign  has  ^been  carried  on  by  various  organiza- 
tions to  have  laws  adopted  prohibiting  it;  in  several  cities  such 
laws  have  been  passed  and  in  other  places  or  States  rigid  limita- 
tions have  been  put  on  the  size  and  explosive  contents  of  various 
fireworks.  A  more  general  prohibition  should  be  made  throughout 
the  country,  until  only  public  displays,  under  men  holding  certifi- 
cates of  fitness,  are  allowed. 

HANDLING  AND  STORAGE* 

Explosives   belonging  to  the   various  classes  are   as   follows: 

Class  I  or  Forbidden  Explosives 

(a)  Liquid  nitroglycerin. 

(b)  High  explosives  containing  ov€r  60  per  cent  of  nitroglycerin  (except 
gelatine    dynamite). 

(c)  High  explosives  having  an  unsatisfactory  absorbent  or  cnfe  that 
permits  leakage  of  nitroglycerin  under  any  conditions  liable  to  exist  during 
transportation    or    storage. 

(d)  Nitro  cellulose  in  a  dry  condition,  in  quantity  greater  than  ten  (jo) 
pounds   in   one  exterior  package. 

(e)  Fulminate  of  mercury  in  bulk  in  a  dry  condition,  and  fulminates  of 
all  other  metals  in  any  condition,  except  as  a  component  of  manufactured 
articles    not    hereinafter    forbidden. 

(f)  Fireworks  that  combine  an  explosive  and  a  detonator   or  blasting  cap. 

(g)  Fireworks  that  will  ignite  spontaneously  when  subjected  to  forty- 
eight  consecutive  hours  in  the  presence  of  moistiire  to  the  temperature  of 
boiling  water.  • 

(h)  Firecrackers  whose  dimensions  exceed  five  inches  in  length  or  three 
quarters  of  an  inch  In  diameter,  or  whose  explosive  charges  exceed  forty- 
five   grains   each   in    weight. 

(i)  Toy  torpedoes  or  caps  exceeding  one  and  one^half  inches  in   diameter, 

*Abstracted  from  a  suggested  ordinance  issued  by  the  National  Board  of 
f'^ire    Underwriters.  . 
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or  containing  more  than  an  average  of  thirty-five  hundreths  of  a  grain  of 
explosive    composition    per    cap. 

(j)  Fireworks  that  can  be  exploded  en  masse  by  a  commercial  detonator 
placed   in   one  of  the  units  or  by  the   impact  of  a   rifle   bullet   or   otherwise. 

(k)  Fireworks  containing  a  match  tip  or  head,  or  similar,  igniting  point 
or  surface,  unless  each  individual  tip,  head  or  similar  igniting  point  or  sur- 
face is  entirely  covered  and  securely  protected  from,  accidental  contact  or 
friction    with   any   other   surface. 

Clas'3  II  or  Dangerous  Explosives 

Black.    Powder. 

High  explosives   (except,  as  described  in  Class  I). 

Blasting   caps    (including    detonators    and   electric   detonators). 

Smokeless    powder    for   small    arms. 

Wet    fulminate    of    mercury. 

Ammunition    for   cannon   with   explosive   ptrojectiles. 

Explosive   projectiles. 

Detonating   fuses. 

Class  III  or  Less  Dangerous  Explosives 

Ammunition    for   cannon    (except   as   described   in   Class   II). 
Smokeless,  powder  for  cannon. 
Fireworks.  i 

Class  IV  or  Relatively  Safe  Explosives 

Small   arms   ammunition    (blank,    ball   or   shot). 

Primers. 

Fuses    (except   as    described    in    Class    II). 

Safety    fuse.  ■  -  ' 

Safety    squibs. 

Distances  of  Factories  and  Magazines,  from  Buildings,  etc. — All  fac- 
tory buildings  and  magazines,  in  which  Class  II  explosives  are  had,  kept  or 
stored)  must  be .  located  at  distances  from  neighboring  buildings,  highways 
and   railroads   in  conformity   with   the   following   quantity   and   distance   ts^ble. 

Whenever .  the  bwlding,  highway  or  railroad  to  he  protected  is  effectually 
screened  from  the  factory  building,  or  magazine  where  Class  II  explosives 
are  stored,  either  by  natural  features  of  the  ground  or  by  an  efficient  arti- 
ficial barricade  of.  such  height  that  any  straight  line  drawn  from  the  top 
of  any  side  wall  of  the  factory  building  or  magazine  to  any  part  of  the 
building  to  be  protected  will  pass  through  such  intervening  natural  or 
efficient  artificial,  barricade,  and  any  straight  line  drawn  from  the  top  of 
any  side  wall  of  the  factory  building  or  magazine  to  any  point  twelve  feet 
above  the  center  of,  the  highway  or  railroad  to  be  protected  will  pass  through 
such  intervei^ing  natural  or  efficient  artificial  barricade  the  applicable  dis- 
tances  as   prescribed   may .  be   reduced  one   half. 

Except  in  a  dwelling,  school,  theatre  or  other  place  of  public  amusement 
or  assembly^  the  following  storage  is  permitted: 

(a)-  One  second  class  magazine  containing  not  more  than  fifty  pounds  of 
explosive  if  placed  on  wheels  and  located  not  more  than  ten  feet  from,  on 
the  same  floor  with,  and  directly  opposite  to  the  entrance  on  the  floor  nearest 
the  street  level. 

(b)  One  second  class  magazine  containing  not  more  than  one  thousand 
blasting  caps,  if  placed  on  wheels  and  located  on  the  floor  nearest  the 
street   level.  Digitized  by  VjOOQ IC 
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Magazines  in  which  Class  II  explosives  may  be  kept  or  stared  must  be' 
constructed  as  follows: 

(a)  Magazines  of  the  first  class  are  those  containing  explosives  in  amount 
exceeding   fifty   pounds.      They   shall   be    constructed  of  brick,   concrete,   iron 

QUANTITY  AND  DISTANCE  TABLE 
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'  or  wood  covered  with  iron,  or  other  fireproof  material  having  bullet  resisting 
qualities,  and  shall  have  no  openings  except  for  ventilation  and  entrance. 
The  doors  of  such  magazines  must  at  all  times  be  kept  closed  and  locked, 
except  when  necessarily  opened  for  the  purpose  of  storing  or  removing 
explosives  therein  or  therefrom,  by  persons  lawfully  entitled  to  enter  the 
same.  Every  such  magazine  shall  have  sufficient  openings  for  \entilation 
thereof,  which  must  be  screened  in  such  manner  as  to  prevent  the  entrance 
of  sparks  of  fire  through  the  same.  Upon  each  side  and  each  end  of  such 
a  magazine,  or  if  barricaded  With  an  artificial  barricade  then  upon  its 
barricade,  there  shall  at  all  times  be  kept  conspicuously  posted  a  sign,  with 
the  words,  "  EXPLOSIVES— DANGEROUS,*'  legibly  printed  thereon  in 
letters  not  less  than  six  inches  high.  No  matches  or  fire  of  any  kind  shall 
at  any  time  be  permitted  in  such  magazine.  Magazines  in  which  more  than 
fifty  pounds  of  explosives  are  kept  or  stored  must  be  detached  from  other 
structures.  The  total  amount  of  Class  II  explosives  in  any  two  or  more 
magazines,  which  are  located  within  two  hundred  feet  of  each  other,  must 
be  considered  in  determining  the  lawful  distances  for  such  magazines  to  be 
from    buildings,    highways   or   railroads. 

(b)  Magazines  of  the  second  class  are  those  containing  explosives  in 
amount  not  exceeding  fifty  pounds.  They  shall  be  made  of  fireproof  material, 
or  wood  covered  with  sheet  iron,  and  except  when  necessarily  opened  for 
use  by  authorized  persons,  shall  at  all  times  be  kept  securely  locked.  Upon 
each  such  magazine  there  shall  at  all  times  be  kept  conspicuously  posted  a 
sign,  with  the  words,  "  EXPLOSIVES— DANGEROUS,"  legibly  printed 
thereon,  and  not  more  than  two  such  magazines  shall  be  had  or  kept  in 
any    building. 

Regulations  for  Magazines. — It  shall  be  unlawful  to  place,  keep  or  store 
any  blasting  caps  or  detonators  of  any  kind  in  the  same  magazine  together 
with    explosives.  • 

All  magazines  must  be  kept  clean  and  free  from  grit,  paper,  rubbish  and 
empty  packages. 

All   magazines   must  be  kept   locked  except  when   being  inspected   or   when 
explosives  are  .being  placed   therein   or  removed  therefrom. 
.  When    any    kind    of    explosive    is    removed    from    the    magazine,    the    oldest 
of   that   particular   kind   must   always   be   taken,   and   it   shall   be  the   duty   of 
the   magazine   keeper   to   see   that   this   is   done. 

I'ackages  pf  explosives  in  a  magazine  must  be  neatly  j)iled  .in  such  a 
way  that  all  of  them  may  be  easily  examined,  and  packages  of  high  ex- 
plosives  must    always    be   placed   right    side    up. 

It  shall  be  unlawful  for  any  person  to  cap  a  cartridge  within  a  radius 
of  fifty  feet  of  a  magazine,  or  in  any  case  to  cap  more  cartridges  than 
necessary    for   immediate    use. 

No  artificial  light  shall  be  used  in  magazines  except  portable  electric  safety 
battery    lamps. 
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CHEMICAL  FIRE,  AND  EXPLOSION  RISKS 

In  order  to  form  an  idea  of  .the  degree  of  fire  or  explosion  risk 
attaching  to  establishments  it  is  necessary  to  investigate: 

1.  The  danger  each  of  the  raw  materials  is  capable  of  producing 
during  storage  or  while  iii  use; 

2.  The  same  characteristic  of  the  intermediate  and  final  products ; 
'     3.  The  various  processes  employed:    firing,  nitrating,  oxidizing, 

reducing  (with  hydrogen),  impregnating,  burning,  briquetting,  caf- 
buretting,  Carbonizing,  kilhing,  drying,  fulminating-  gasification, 
lacquering,  refining,  distilling,  subliming,  vulcanizing,  charring,  cal- 
cining,  incinerating,  etc.; 

4.  The  progress  of  the  diflPerent  operations,  whether  turbulent, 
accompanied  by  the  formation  of  dangerous  by-products  and  waste 
products,  or  the  liberation  of  gas,  vapor,  or  dust; 

5.  The  treatment,  purification,  or  storage  of  waste  products  or 
spent  raw  materials,  with  a  view  to  their  use  over  again  (recovery 
or  revivification)  ;  *• 

6.  The  working  temperatures  during  the  various  stages  of  opera- 
tions. 

The  degrees  of  fire  risk  always  differ  aiid  can  only  be  accurately 
defined  by  a  careful  examination. 

Substances  of  different  kinds  mUsl'not  be  stored  together  indis- 
criminately ;  but  due  regard  must  be  paid  to  their  mutual  compati- 
bility. For  instance,  the  substances  mentioned  in  the, following  list 
may  cause  outbreaks  of  fire  if  stored  in  contact  with  one  another. 
For  the  sake  of  brevity  only  one  example  is  given  (in  the  principal 
list)  in  the  case  of  groups  of  similar  materials, .  thus : 

Organic  substances  comprise  all  kinds  of  coal,  peat,  flour,  starch, 
sugar^  herbs,  fruit,  seeds,  bran,  grist,  chaff,  straw,  concentrated 
fodder,  artificial  fertilizers  (except  those,  of  a  purely  mineral 
nature),  wood,  cork,  horn,  paper,  millboard,  rags,  fibres,  textiles, 
wool,  silk,  cotton,  flax,  hemp,  and  leather. 

Dusty  substances:  All  pulverulent  materials  that  readily  form 
clouds  of  dust:  like  flour,' lampblack,  brdnze  powders,  all  kinds  of 
fibrous  waste,  shearing  fluff. 

Dangerous  liquids:  All  liquids  that,  at  the  ordinary  temperature, 
liberate  inflammable  vapors  which  form  explosive  mixtures  with 
air,  namely,  carbon  disulphide,  ether,  acetone,  alcohol,  wood  spirit, 
lacquers,  varnishes,  benzol,  petroleum  spirit, '  illuminating  oils. 
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Carriers  of  Oxygen:  All  substances  that  are  chemically  highly 
charged  with  oxygen  or  ozone  and  will  part  with  this  when  a 
favorable  opportunity  occurs  and  hence  exhibit  the  same  danger- 
ous properties  as  oxygen.  When  the  liberation  of  oxygen  by  these 
comt)ounds  is  effected  in  an  atmosphere  of  inflammable  gases  or 
vapors,  or  in  direct  contaqt  with  organic  substances,  like. resins, 
ethereal  oils,  or  mineral  oils,  and  the  temperature  is  merely  slightly 
elevated,  an  immediate  ignition  of  thes^  substances  may  occur,  if 
the  circumstances  are  favorable.  Certain  carriers  of  pxygen  )vill 
ignite  organic  substances  even  at  the  ordinary  temperature. 

Th^  most  important  carriers  of  oxygen  are  enumerated  below,* 
the  temperatures  or  other  conditions  at  which  they  liberate  the 
oxygen,  and  therefore  become  dangerous,  being  also  mentioned, 

Perchloric  acid,  at  the  slightest  opportunity,  even  during  storage, 
with  violent  explosion. 

Permanganic  acid,  on  gentle  warming,  any  organic  matter  present 
being  thereby  ignited. 

Potassium  permanganate,  in  a  warmed  soluti<>n ;  dry,  at  240°  C. ; 
wheii  mixed  with  sulphuric  acid,  it  will  ignite  all  inflammable 
gases,  vappi:s,  ethers,  etc.  The  dry  salt,  tends  to  ignite  spon- 
taneously when  suffused  with  glycerin. 

Iodic  add  and  periodic  acid,  at  300°  C. ;  at  the  ordinary  tem- 
perature in  presence  of  organic  matter. 

Fersulphuric  acidt  analpgpus  to  hydrogen  peroxide. 

Potassium  or  ammonium  persulphate, .  at  100°  C;  at  the  ordinary 
temperature  when  dissolved  in  water. 

Potassium  .perselenate  liberates  oxygen  when  the  solution  is 
warmed. 

Chloric  acid  ignit-es  orgamic  matter  on  simple  contact  at  ordinary 
temperature. 

Chromic  anhydride  at  250**  C.  detonates  and  ignites  organic  sub- 
stances when  suffused  With  alcohol. 

Chlorates  liberate  oxygen  in  an  explosive  manner  under  the 
influence  of  friction,  shock,  concussion,  or  heat  (about  800°  P.). 
When  mixed  with  potassium  cyanide,  oxygen  is  immediately  dis- 
engaged with  explosion. 

Nitrogen  pentoxide   (nitric  anhydride),  with  violence  at  50**   C. 

Sulphur  heptoxide  disengages  oxygen  very  violently  during  stor- 
age, when  dissolved  in  water  pr  warmed. 

Bismuth  pentoxide  (bismtithic  anhydride),  when  heated,  or 
treated,  with  sfiroog  acids. 

Calcium  hypocMorite  ("chloride  of  lima"),  when  gently  warmed 
or  exposed  to  direct  sunlight.  Digitized  by  GoOglC 
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The  following  substances  may  be  classed  as  carriers  of  cyxygein 
that  liberate  that  element  at  high  temperatures  only: 

Barium,  lead,  mangahese,  iK>tassium  and  sodium  peroxides; 
potassium  perchlorates ;  all  nitrites;  ozone;  oil  of  turpentine,  and 
colophony. 

Disinfectants. — The  carriers  of  oxygen  are  largely  used  as  dis- 
infectants, for  the  destruction  of  organic  matter,  and  in  bleadiing. 
For  these  purposes  preference  is  mainly  given  to  hydrogen  peroxide 
(which  is  explosive)  and  sodium  peroxide. >  When  sprayed,  or  in 
the  .form  of  vapor  and  mixed  with  dustj  carriers  of  oxygen  or 
ozone  augment  the  danger  of  explosion  by  increasing  the  inflam- 
mability, heat  of   combustion,   and  explosive  power  of  the  dust. 

Dflngei^ous  Combinations 

The  substances  in  italics  should  not  be  stored  with  those  ifien- 
tioned  after  them  in  each  section  of  the  following  list : 

Organic  Substances,  with  nitric  acid,  carriers  of  oxygen,  ozone, 
peracids,  picrates,  chldrates,  liquid  air,  fulminates,  fats  or  oils. ' 

'Lampblack  or  Carbonaceous  Substances,  with  fats,  oils,  sulphur, 
metallic  sulphides,  or  carriers  of  oxygert. 

Metals  in  Powder,  Bronzes,  with  damp  substances,  water,  dusty 
materials,  mineral  acids,  ethereal  or  fatty  oils,  oil  of  turpentine, 
carriers  of  oxygen,  ozone,  liquid  air,  peracids,  or  flowers  of  sulphur. 

Peracids,  with  organic  substances,  sulphur,  metallic  powders, 
bronzes,  carbon,  or  dangerous  liquids. 

Resins,  Turpentine,  Ethereal  Oils,  with  iodine  or  chlorine,  min- 
eral acids,  carriers  of  oxygen,  or  dangerous  liquids. 

Carriers  of  Oxygen,  Liquefied  Oxygen,  Ozone,  with  fulminates, 
chlorates,  organic  substances,  picrates,  bronzes,  metallic  powders, 
dangerous  liquids,  carbon,  lampblack,  resins,  phosphorus,  sulphur, 
sulphuretted  hydrogen,  nitric  acid,  or  dusty  substances. 

Dangerous  Liquids,  with  carriers  of  oxygen,  ozone,  liquefied 
oxygen,  oil  of  turpentine,  ethereal  oils  or  peracids. 

Carbides  and  Quicklime,  with  water,  damp  substances,  or  acids 
of   any  kind. 

Strong  Nitric  Acid,  with  oil  of  turpentine,  hydriodic  acid,  organic 
substances,  sulphuretted  hydrogen,  carriers  of  oxygen,  ozone,  jcar- 
bides,  metallic  powders,  bronzes,  strong  sulphuric  acid,  fulminates, 
picrates,  or  chlorates. 

Strong  Sulphuric  Acid,  with  strong  nitric  acid,  saltpetre,  sub- 
stances impregnated  with  saltpetre,  metallic  powders,  bronzes,  car- 
bides, picrates,  fulminates,  or  chlorates. 

Carbon  Bisulphide,  with  carriers  of  oxygen,  ozone,  or  liquefied 
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Fulminates,  Picrates,  Chlorates,  with  mineral  acids,  organic  sub- 
stances, sulphur,  carriers  of  oxygen^-  ozone,  or  liquefied  oxygen. 

Dusty  Materials,  with  metallic  powders,  bronzes,  carriers  of.  oxy- 
gen, pzone,  or  liquefied  oxygen. 

Sulphur,  Metallic  Sulphides,  with  carbon,  lampblack,  fats,,  oils, 
chlorates,  or  phosphates. 

Water  (Solutions),  Damp  Substances,  with  quicklime,  carbides, 
metallic  powders,  bronzes,  light  metals* 

Piu)sphorus,  with  chlorates,  carriers  of  oxygen,  ozone,  or  sulphur. 

Nitrates  and  Substances  Impregnated  with  Saltpetre,  with  .sul- 
phuric acid. 

Fats,  Oils,  with  organic  ;  substances,  lampblack,  carbon,  metallic 
sulphides,  or  pyrites.  ) 

Materials  which  Should  be  Isolated.— The  following  substances 
should  be.  isolated  during  storage :  all  those  spontaneously  igniting 
or  explosive;  all  firework  charges,  nitrated  cellulose,  fulminates, 
detonating  compounds,  chlorates,  picrates,  peracids,  igniting  pellets, 
gunpowders,  metallic,  nitrides,  nitrogen  iodide,,  chloride, .  fluoride, 
and  bromide,  the  dangerous  peroxides  (e.  g.,  hydrogen  peroxide 
.ind  potassium  peroxide),  liquefied  gases,  .acids  and  phosphorus^ 
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SPONTANEOUS  COMBUSTION 


The  processes  and  conditions  which  may  incite  to  spontane- 
ous heating  or  spontaneous  ignition,  taken  in  the  widest  sense, 
accoi^ding  to  Von  Schwartz,  are: — 

Predominantly  in  the  case  of 

1.  Moisture    1 

2.  Bacterial    activity    V  Agricultural  products,  fodder,  manures. 

3.  Germination    J 

4.  Storage   in   large   heaps. Agricultural     products,     coal,     tobacco, 

oleaginous  substances. 

5.  Protracted   drying Wood,  organic  substances. 

6.  Contained  sulphur   Lampblack,  coal. 

7.  Contained  finely  divided  carbon . .    Metallic  sulphides. 

'  8.  Contained  fat  or  oil Organic      substances,    '  fibres,      colours 

(paint),  clothing. 
9.  Occlusion  of  oxygen Coal,  etc.,  metaU. 

10.  Absorption  of  moisture    Quicklime,  potassium,  sodium,  carbides. 

11.  Fineness  of  division    Metals,  bronzes,' varieties  of  dust,  fats, 

oils. 

12.  Recent  calcination Carbonised    substances,    metallic    pow- 

*  ^  ders,  metallic  sulphides,  lampblack. 

13.  Exposure  to  the  isun Phosphorus  in   fragments,   oxyhydrogen 

gais. 

14.  Concentration    of    the    sun's    rays 

(burning    glasses,    lenses,    glass 

bricks) All   readily   ignitible   substances. 

15.  Friction,   pressure,   shock,   fall....    Numerous     detonating,    explosive    sub- 

stances (spontaiieous  ignition  being 
I        here  generally  modified  into*  explo- 
sion). 

16.  Electricity   (sparks) Explosive    vapour   mixtures,    dry   clean- 

ing works,  resinons  bodies. 

1 7.  Air Pbosphuretted  hydrogen,  and  numerous 

\  •  compounds     (ethyl-,     methyl-     and 

propyl-compounds),  pyrophorus 

substances. 

18.  Cohtact  with  spongy  mfttals  (plati* 

num  blatck)   <> Hydrogen    gas,    oxyhydrogen   gas,   coal 

gas. 
Periods  of  Development. — The  examples  numbered  1-9  mostly 
exhibit    slow    development    (chronic  .spontaneous,  ignition),    those 
numbered  10-14  progress  with  moderate  rapidity;  i5-?8  zr^  sudden 
and  of  explosive  character   (acute). 

The  period  of  development  in  cases  of  chronic  spontaneous  igni- 
tion may  extend  over  two  or  three  months ;  in  many  cases  a  good 
deal  depends  on,  the  bulk  of  the  stored  mass ;  where  this  amounts 
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to  some  hundreds  of  tons,  as  iri  the  case  of  bran,  cereals,  etc., 
spontaneous  ignition  may  sometimes  take  two  to  three  months 
before  becoming  apparent  externally. 

Causes. — Many  of  the  fires  originating  in  warehouses  are  sup- 
posed to  be  due  to  spontaneous  combustion  resulting  from  the 
saturation  of  the  fibre  with  oil  from  the  sfeed,  expressed  by  the 
process  of  baling  and  handling,  and  the  numerous  fires  in  cotton 
gin  houses  may  be  largely  due  to  the  ignition  of  cotton  saturated 
with  oil  from  the  cotton-seed  expressed  during  the  process. 

The  presence  of  as  little  as  3  |to  5  per  cent  of  fat  or  oil  may 
cause  fibrous  material  to  ignite  spontaneously.  Inasmuch  as  8  to 
10  per  cent  of  oil  will  remain  even  after  pressing  oily  or  greasy 
fibrous  material  it  is  evident  that  the  hazard  exists  until  the 
material  is  thoroughly  cleaned  by  washing  or  a  solvent.  The  prin- 
cipal items  tending  to  induce  heating  are :  The  porosity  of  the 
fibre,  i.  e.,  the  amount  of  fatty  or  oily  surface  it  .presents  to  the 
air ;  the  affinity  of  the  fat  or  oil  for  oxygen ;  the  possibility  of 
loosing  heat  to  or  taking  up  heat  from  some  outside  source ;  the 
pressure  under  which  the  substance  is  kept,  and  the  presence  of 
oxygen  carriers. 

'Minteratl  Ofls.— The  mineral  oils  have  practically  no  affinity  for 
oxygen  and  can  therefore  be  used  without  objection  for  oiling 
fibrous  materials,  except  when  the  mineral  oil  is  impure,  consisting 
of  a  heavy  oil  containing  paraffin,  and  the  impregnated  material  , 
is  hung  on  steam  pipes,  boilers,  stoves,  or  in  contact  with  some 
other  warm  object,  or  exposed  to  heat  for  some  time;  or  when 
the  oil  is  strongly  contaminated  with  sulphur  or  iron  sulphide, 
usually  found  in  distillation  products  of  lignite  or  coal. 

Lubricants. — In  general  lubricants  of  animal  origin  (tallow,  lard, 
train  oil,  neats-foot  oil)  have  the  greatest  cooling  effect  on  axles 
and  shafts,  but  render  the  cleaning  rags  liable  to  spontaneous 
ignition. 

Lubricants  of  earthly  origin  (petroleum,  shale  oil  and  paraffins) 
have  the  smallest  cooling  effect,,  but  only  become  a  source  of 
danger  to  the  cleaning  waste  under  special  circumstances. 

Lubricants  of  vegetable  origin,  and  of  a  non-drying  character, 
stand  betweeh  the  other  two  kinds  in  i-espect  of  cooling  prop- 
erties; but  are  the  tnost  dangerous  of  all  in  connection  with  fibrous 
■materials.  The  danger  of  spontaneous  ignition  may  be  diminished 
by  an  addition  of  25-50  per  cent  of  mineral  oil,  provided  the  min- 
eral oil  is  free  from  liaraffin  and  sulphtir  impurities. 

Oils  and  Pats.— ^Because  of  the  dffferences  in  fibrous  materials 
and  the  eflfect  that  local  conditions  have,  no  exact  classification 
of  oils  and  fats  as  to  their  power  of  imparting  a^te^id^gr^lji^spon- 
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taneous  ignition  can  be  made.  In  general,  the  amount  of  iodine 
absorbed  by  loo  grams  of  fat  gives  a  fair  representation  of  their 
danger. 


Vegetable   Fat. 

Linseed   oil    

Hemp  oil   

Nut  oil   

Poppy    oil    

Olein 

Cottonseed  oil  . . . 
Sesame    oil    ...... 

Rape  oil 

Ground-nut  oil   . . . 

Castor   oil    

Olive   oil    v.. 

Palm    oil    

Cocoa  butter  . . . . . 
Palm  kernel  oil  . . 
Cocoanut  oil    


Iodine 
Value. 
170 
150 
146 
.  I3f 
138 
108 
106 

lOI 

■     f 

82 

36 
14 
9 


Animal    Fat. 

Codliver    oil    

Seal   oil    

Japan   liver  oil   . . . . 

Goose  fat 

Bone    fat    

Hog  fat,  American 
Hog  fat,  German  .. 

Tallow     

Mutton    tallow    . . . . 

Wool  fat    

Butter    fat   


Iodine 

Value. 

140 

127 

120 
71 
68 
62 
S8 
42 
42 
36 
30 


Linseed  oil  is  therefore  the  most  dangerous,  and  its  danger  is 
increased  when  boiled  into  varnish.  The  rancidity  of  oils  and  fats 
increases  the  danger  from  spontaneous  heating  and  rancid  animal 
fats  and  oils  are  more  dangerous  than  pure  vegetable  oils. 

Heat  Dangerous. — The  sun  and  heat  must  be  carefully  excluded 
wherever  oiled  fibres  are  in  question,  and  suitable  provision  must 
be  made  to  ensure  cooling.  Where  the  application  gf  warmth  is 
necessary  to  a  manufacturing  process,  great  care  should  be  taken 
to  accurately  check  the  temperature  by  the  aid  of  a  thermometer; 
testing  with  the  hand  is  insufficiently  reliable. 

Kissling  found  that  fibres  soaked  with  linseed  oij,  and  exposed 
to  direct  sunlight,  became  heated  to  266°  F.  in  4  hours,  and  after- 
wards took  fire;  sheltered  from  the  sun's  rays,  the  temperature 
did  not  exceed  78°  F.  in  the  same  time. 

Spontaneous  ignition  is  favored  by  carbonization  of  the  fibre, 
or  the  presence  of  carbonaceous  substances,  because  of  the  in- 
creased absorptive  power  for  oxygen,  holding  more  of  that  gas 
in  their  pores. 

The  application  of  pressure  increases  the  hazard,  as  the  more 
tightly  any  substance  is  packed  and  compressed,  the  better  is  it 
enabled  to  retain  warmth. 

Prevention  of  Ignition. — ^There  are  no  direct  means  of  pre- 
venting spontaneous  ignition  in  oiled  fibres;,  impregnation  with 
antipyrenes  renders  the  fibres  uninflammable,  but  not  the  fatty 
matter,  since  this  latter  cannot  be  impregnated,  and  charring  will 
occur,  even  though  fire  be  prevented. 

The  best  preventive  of  the  danger  involved  consists  in  the 
employment  of  good  oil,  free  from  rancidity:  pure  vegetable  oil 
mixed  with  20-36  per  cent  of  pure  mineral  oil.    Coal-tac^^Hi^annot 
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be  recommended,  owing-  to  their  irregular  compositibn   (presence 
of  sulphur),  and  anitnal  oils  are  better  avoided. 

Safeguards. — Oiled  fibrous  material  should  be  kept  in  approved 
waste  cans  (see  page  224),  kept  away  from  all  sources  of  heat, 
protected  from  the  rays  of  the  sun,  and  burned  or  removed  to  a 
safe  place  every  night.  All  operations  with  oiled  materials  should 
be  under  thorough  supervision,  and  the  temperatures  carefully 
checked. 

Storage  Hazards. — Fats  and  vegetable  and  animal  oils,  and  some 
of  the  higher  grades  of  refined  mineral  oils  introduce  very  little 
hazard  in  their  storage,  as  the  flash  point  is  low  and  the  danger 
of  ignition  slight.  However,  it  must  be  remembered  that  at  high 
temperatures,  usually  over  450°  F.,  they  give  off  vapors  which  take 
fire  spontaneously  when  heated  to  about  20°  F.  above  their  tem- 
perature of  formation,  and  these  vapors  may  become  explosive 
when  mixed  with  the  right  proportion  of  air.  The  danger  of  leak- 
age impregnating  fibrous  material  sufficiently  to  cause  spontaneous  • 
combustion  is  also  a  hazard  to  be  guarded  against;  the  use  of 
sawdust  to  absorb  such  leakage  is  very  unwise. 

Storages  of  fats  and  oils  of  this  character  in  congested  dis- 
tricts or  in  the  main  parts  of  a  plant  are  very  objectionable  be- 
cause of  the  difficulty  in  extinguishing  them  when  ignited  from 
some  outside  cause.  The  containers  will  be  ruptured  by  the 
internal  pressure  of  the  vapors  liberated  by  heat,  and  the  contents 
spread  for  considerable  distances. 

Burning  Temperatures.— At  the  following  tempefatunes  the 
oris  specified  will  go  on  burning: 

Olive    oil    at  662°  F.        Linseed    oil    at  662°  F.  - 

Rape  oil    at  662°  F.        Engine    oil    at  27$-/*'"°  F. 

Ilempseed    oil    , at  329°  F.        Spindle   oil    (light)    at  505°  F. 

Poppy  oil    .' at  662°  F.         Spindle   oil    (heavy)    at  550°  F. 

Sesame   oil   at  662*'  F. 

Fat  Rendering. — The  recovery  of  fat  by  melting  (rendering) 
and  the  cooking  or  refining  of  the  oils  of  high  fl^sh  point  are 
dangerous  if  direct  fire  heat  is  employed;  superheating,  ebullition 
attended  by  decomposition,  or  the  formation  of  inflammable  vapors 
may  easily  lead  to  an  outbreak  of  fire.  The  danger  is  diminished, 
to  a  certain  extent,  by  the  use  of  steam  heat. 

The  dangerous  vapors- liberated  must  be  rendered  harmless  by 
conducting  them  into  a  fire,  where  they  will  be  consumed,  or  by 
condensation  or  proper  ventilatit)n  to  the  outside  air;  as  the 
vapors  are  explosive  when  under  pressure  the  pipes  and  vessels 
used  in  a  condensing  system  must  be  fitted  with  safety  valves. 

Use  of  Solvents. — ^The  risks  are  far  greater  in  works  where 
the  fat  and  oils  are  extracted  with  solvents  ingte|id  o^lg^Tessing. 
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In  addition  to  ether,  naphtha,  carbon-disulphide  and  alcohol,  all 
very  dangerous  solvents,  there  are  other  less  dangerous,  and  even 
harmless,  such  as  carbon  tetrachloride,  ammonia,  chloroform,  ben- 
zol soaps  and  oxgall,  but  unfortunately  their  solvent  power  is  rela- 
tively insignificant,  and  they  are  seldom  used. 

Pat  Extraction. — The  apparatus  used  in  extracting  fat  is  now- 
adays of  very  perfect  construction,  as  indeed  is  essential  in  view 
of  the  dangerous  materials  employed;  but  though  they  offer  a 
certain  guarantee  of  safety,  the  claims  of  absolute  security,  some- 
tiniies  preferred  by  the  makers,  are  not  in  harmony  with  truth. 
In  addition  to  the  general  requirements  given  on  pages  137  to 
145  in  regard  to  the  handling  of  the  readily  inflammable  solvents, 
it  must  be  expressly  prescribed  that  no  pressure  must  be  allowed 
to  obtain  within  the  extraction  apparatus,  even  when  the  solvents 
are  in  ebullition,  since  any  appreciable  pressure  on  the  vapor  of 
the  solvents  increases  the  explosibility  and  the  danger  bf  a  violent 
explosion. 

The  apparatus  must  be  so  arranged  that  the  separation  of  the 
raw  material,  solvent  and  fat  must  be  effected  in  a  single  train 
of  operations  within  the  apparatus,  and  without  any  part  of  the 
latter  or  its  appurtenances  requiring  to  be  opened. 

Charred  Wood. — ^Wood  which  has  been  for  a  length  of  time  in 
contact  with  pipes  containing  hot  water  or  steam  seems  to  be 
reduced  gradually  to  a  condition  favoring  spontaneous  ignition. 
The  destruction  of  the  English  House  of  Parliament  and  many 
other  fires  have  been  attributed  to  this  cause. 

From  statistics  as  to  fires  in  dry-kilns  and  dry-rooms  it  appears 
evident  that  wood  subjected  continuously  to  heat  for  a  given  length 
of  time  gets  into  a  condition  where  it  ignites  spontaneously;  this 
indicates  the  necessity  of  discontinuing  the  use  of  wood  in  rooms 
subject  to  high  temperatures. 

In  newer  wooden  structures  the  most  dangerous  are  those  com- 
posed of  wood  that  still  continues  to  exude  resin,  which  chars 
more  easily  than  the  wood  itself. 

Pipes  Should  be  Insulated.*— The  best  way  to  prevent  injury 
to  wood  and  other  organic  substances  by  the  influence  of  pipes, 
etc.,  conveying  steam,  hot  gases  and  hot  liquids,  is  by  using  some 
good  insulating  material   (non-conductor  of  heat). 

Certain  paints — lead  paints  and  asphaltum — applied  to  steam 
pipes  increase  the  loss  of  heat  as  much  as  25  per  cent;  the  pipes 
become  hotter,  the  rstdiation  of  heat  more  extensive,  and  the  danger 
correspondingly  increased.  Digitized  by  GoOglC 
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Waste  Cand* 

1.  SiZB. — To  be  not  smaller  than  ii  inches  diameter  and  ii  inches  deep 
inside,  nor  largej:  than  22x25  inches  inside,  if  used  for  pily  waste.  Infiide 
(Hameter  to  be  not  less  than  90  per  cent  of  height  excluding  legs.  It  is 
desirable  to  use  a  number  of  smaller  cans,  rather  than  fewer  large  ones. 

2.  Body. — For  cans  11  x  11  inches  indide^  not  less  '  than  No.  26  gauge, 
U.  S.  Standard  (.0187  inch),  galvani^^ed  iron  or  steel  and  increase  thickness 
one   number   in   gauge   for  each   3-inch   increase   in   diameter. 

3.  Legs. — To  be  made  of  band  iron  not  less  than  12  gauge,  U.  S.  Standard 
(vio93  inch),  %-ihch  wide,  riveted  to  side  and  bottom  of  can,  two  rivets  at 
eaeh  end,  and  not  less  than  3  inches  high'  for  cans  11  x  11  inches,  three  legs 
on  ea^  can ;  for  larger  sizes,  not  more  than  4  i^ichos  high, ,  gauge  and  width 
increalsed  in  proportion  to  size  of  can,  using   1 1  x  1 1   inches  as  base.  . 

4.  Cover. — To  be  in  two  sections,  width  of  one  section  to  be  equal  to  about 
one-third  the  diameter  and  riveted  to  the  can  with  the  movable  lid  perma- 
nently and  freely  hinged  to  the  rigid  section  without  soldering,  and  to  have 
a  device  to  prevent  opening  more  than  a  60  degree  angle  from  horizontal  and 
weighted  sufficiently  to  make  closure  positive  and  automatic.  Iron,  to  be  of 
at  least  two  numbers  heavier  than  the  body,  lid  to  extend  beyond  the  body  of 
the  can,  finished  with  a  hemmed  or  wired  edge  and  made  rigid  by  two  strips 
of  band  iron  ^  x  i  inch,  riveted  inside  lengthwise  and  outside  crosswise  re- 
spectively in  the  middle  of  the  lid,  the  outer  end  bent,  upward  at  an  angle 
of  about   45   degrees. 


Seli-Closing  Oily  Waste  Can. 

5.  Handles. — To  be  riveted  to  the  rigid  portion  of  the  cover  and  prefer- 
ably made  from  band  iron  %  x  1  inch  beiit  to  form  a  stop  for  the  lid.  Side 
handles  must  be  supplied  on  Cans  larger  ih\  diameter  than   16  inches. 

6.  Construction. — Can  to  be  assembled  with,  all  seams  lock-jointed  or  riveted 
and  attachments  riveted  on,  Body  of  can  to  be  wired  at  top  with  wire  not 
smaller  than  No.  9  for  can  1 1  x  1 1  inches,  proportionally  heavier  for  larger 
cans,  or  finished  with  band  iron  of  equivalent  strength. 

7^  Marking. — Each  can  to  be  plainly  and  permanently  marked  with  its 
trade-nwne  and,  the  name,  initials  or  tra^e-mark  of  the  mwufact^re;r. 
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Note. — Waste  cans  are  required  for  all  oily  waste,  and  recommended  for 
clean  waste. 

It  should  be  the  practice  to  empty  oily  waste  cans  and  burn  the  contents 
every  evening.     Oily  waste  should  not  be  allowed  to  remain  in  cans  over  night. 

Asd2  Cam  a^,  Beftse  -Qarnels* 

8.  Size. — ^To  be  determined  by  necessities  of  risk,  but  not  smaller  than 
13X12  inches. 

9.  Body.-r-Not  less  than  No.  24  gauge,  tJ^  S.  Standard  (.025  inch),  for 
averager  size  of  15x26  inches  used  for  general  poirposes,,  ^nd  No.  20  (.0375 
inch)  for  bottom.  To  increase  one  number  in  thickness  for  each  3-inch 
increase  In  diameter/ 

.10.  Flanges. — ^To  be  reinrforced  top  and  bottom  by  flanges  riveted  06,  of  tlot 
less  than  No.  12  (.109  inch)  iron.  Flange  1^  bottom  to  be  of  height  to 
insure  air  space  of  2  inches  between  lowest  point  of  .bottom  and  the  floor* 

Flange  at  bottom  to  be  perforated  at  intervals  with  i^-inch  holes  to  vent 
the  spdce  formed  by  flange. 

To  be  tcinforoiid  by  veittcdl  ribs,  made  of  ang^s,  eh&nnels,  shbet  m^ta! 
bosses,  corrugstted  Of  strap  Iron^  If  made  so  per  cent  bcatkr^  reittfarceinKnt 
not   required. 

11.  Handles. — To  be  of  wrought  or  malleable  iron,  securely  riveted  to  can. 

12.  Covers. — Must  have  covers,  to  be  loosely  fitting  over  outside  of  can 
to  take  up  irregularity  of  top  of  can  due  to  service,  and  to  have  ^flange  2 
inches  deep« 

13.  Engineers*  A$h  Cans.— -Should  Ue  of  not  less  than  No.  16  (.0626!  Inch) 
iron,  and  flanges  not  less  than  ^-inch  thick,  and  bottom  flange  to  be  of  tSttch 
width  as  t6  admit  of  2  Inches  clear  air  space,  and  to  be  ventilated. 

14.  Marking. — Each  can  must  be  plainly  afld  pertnanently  marked  w5th  its 
tradename  and  the  name,  initials  or  trsdeninark  o£  the  ttunufacturttr. 


♦As  r«K:otnmefid«d  by  the  Natioddl  %oard  of  l^'irfc  Underwriters. 
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CONSTRUCTION  / 

PLANNING 

In  the  planning  of  building  operations  the  prevailing  .thought 
is  generally  devoted  to  the  economic  conditions.  Plans  are  often 
formulated  which  may  seem  •  economical  from  a  certain  stand- 
point, but  when  the  many  conditions  involved  in  building  opera- 
tions are  considered  that  which  may  first  appear  as  economy 
is  in  reality  false  economy;  true  economy  involves  not  only  the 
needs  of  the  structure  for  which  purpose  it  is  intended,  but  in 
making  the  best  use  of  the  available  building  materials  as  well  as 
properly  determining  the  best  type  of  construction,  suitable  for 
the  location  of  the  structure. 

Alterations  or  additions  of  any  magnitude  require  the  same 
forethought  as  new  structures  and  by  properly  studying  the 
conditions  the  property  as  a  whole  would  he  improved. 

The  planning  of  structures  should  mvolve  not  only  their  present 
requirements  bi;t  the  possibility  of  future  extensions. 

The  defence  against  fire  should  be  formulated  from  the  beginning 
in  the  planning  of  all  structures,  it  is,  therefore  necessary  to  thor- 
oughly consider  the  nature  of  all  surroundiijg  buildings  or  the 
possibility  of  future  buildings  being  erected  on  adjacent  ground; 
such  conditions  will  determine  the  selection  of  proper  materials 
for  wall  or  cornice  construction,  as  well  as  planning  the  proper 
window  and  door  openings  and  the. proper  protection  of  the  same; 
these  features  govern  the  exposure  charges  of  the  Fire  Insurance 
Underwriters,  and  unless  provision  is  made  in  the  plans  for  the 
exposure  conditions,  future  expense  arises  not  only  in  correcting 
structural  defects,  but  in  the  continued  additional  expense  in  insur- 
ance premiums. 

In  planning  manufacturing  properties  time  is  well  spent  in 
studying  the  arrangement  of  the  processes  to  be  incorporated  in 
the  structures  in  order  to  prevent  the  principal  hazards  from  en- 
dangering the  main  values.  There  is  hardly  any  step  in  the  design- 
ing of  a  structure  of  any  kind  which  does  not  have  a  certain  bear- 
ing, direct  or  indirect,  from  a  fire  protective  standpoint.  It  is 
possible  to  design  and  construct  any  class  of  structure  in  a  thor- 
oughly economic  manner  if  proper  study  is  exercised  in  the  plan- 
ning and   if  provision  is   made   for  the   fire   protective   features. 
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Accept  the  evidences  of  the  destruction  that  is  continually  taking 
place  from  fire  in  all  classes  of  structures;  plan  the  structure  in 
such  a  manner  that  it  will  be  a  permpnent  investment,  and  arrange 
and  protect  the  property  in  such  a  manner  that  fire  can  cause  only 
a  minimum  of  damage,  remembering  that  fire  resisting  structures 
also  resist  depreciation. 

Secure  the  rates  of  insurance  on  various  kinds  of  structures 
before  selecting  your  building  materials  or  perfecting  the  plans. 
Faulty  planning  and  construction  are  directly  responsible  for  the 
enormous  fire  waste,  and  it  has  been  repeatedly  demonstrated  that 
with  the  proper  planning  of  the  constructive  features  the  ultimate 
costs  are  less  than  in  buildings  of  inferior  construction. 

Absolute  fireproof  buildings  do  not  exist,  but  fire  resisting 
buildings  do,  and  the  amount  of  resistance  depends  on  the  intensity 
and  duration  of  a  fire  and  on  the  materials  entering  into  the 
construction. 

The  general  layout  of  the  building  and  proper  insulation  of 
certain  parts,  such  as  the  stairs,  elevators  and  portions  likely  to 
admit  a  draught  to  adjacent  stories  are  features  which  should 
receive  special  study  in  planning  structures. 

Fire  cut-oflfs  should  receive  special  attention  in  planning,  and 
be  arranged  to  prevent  the  spread  of  fires  over  large  areas.  Metal 
structural  work  should  be  properly  protected  against  fire  and  a 
careful  study  should  be  made  of  the  proper  materials  to  be  used 
for  this  purpose. 

Those  conditions  which  are  conducive  to  cleanliness  and  the 
proper  planning  to  assist  in  maintaining  this  feature  are  equally 
impol-tant  from  a  commercial  standpoint  as  well  as  a  safeguard 
against  fire. 

As  the  fire  protective  devices  differ  in  various  classes  of  struc- 
tures it  is  important  to  seek  the  co-operation  of  the  insurance  under- 
writers. If  owners,  architects '  and  engineers  would  confer  with  the 
insurance  organizations  before  their  plans  have  reached  an  ad- 
vanced stage  much  valuable  information  would  be  igiveA 'whidh 
would  not  only  assist  in  securing  improved  construction  and  fire 
protection,  but  reduce  the  cost  of  fire  insurance  which  i;s  a  direct 
yearly  tax  not  only  to  the  owner  but  the  occupants. 

It  is  the  duty  of  the  property  owner  to  protect  the  life  and 
limb  of  the  public,  whether  such  properties  be  used  for  churches, 
schools,  places  of  public  assembly,  tenements,  mercantile  buildings 
of  factories,  and  only  such  persons  who  have  made  a  study  of 
the  science  of  the  prevention  of  loss  by  fire  in  connection  with  the 
other  requirements  of  their  profession  should  be  entrusted  .with 
the  planning  of  such  structures.  Digitized  by  LjOOgle 
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Nothing  develops  structural  defects  as  much  as  fire,  and  as  all 
classes  of  structures  have  been  subjected  to  this  test,  comparisons 
between  good  and  bad  types  of  construction  can  readily  be  baaecj 
on  actual  facts.  Some  types  of  construction  may  be  judged  de- 
fective for  certain  classes  of  buildings  owing  to  th^  surroundings, 
nature  of  the  occupancy,  and  the  height  of  the  structure,  whereas 
the  same  type  of  construction,  under  different  conditions,  would 
not  be  called  dscfective  owing  to  the  nature  of  the  occupancy,  the 
possibility  of  no  danger  frpm  the  surroundings  and  a4equate  fire 
protective  devices. 

Any  class  of  structure  which  admits  of  rapid  combustion  or 
deterioration  under  fire  or  the  elements,  is  defective,  likewise  a 
structure  in  which  fire  cannot  he  fought  to  advantage,  is  defective. 

Common  defects  in  structures  are  plteu  latent  from  the  time  the 
building  has  been  under  construction  and  if  discovered  at  all  it  is 
generally  too  late  to  rectify  the  errors,  as  the  damage  occasioned 
by  fire  is  of  such  a  natur,e  that  the  structure  is  ruined  beyond  repair.- 
Structural  defects  are  tq  be  found. iij  ^11  portions  of  buildings;  any 
local  defects  may  subject  the  entire  structure  bo  ruin. 

Defective  Foundations. — The  stability  of  a  structure  is  prihltrily 
ddpendent  upoti  it&  foundations,  and  as  thd  foutidatlonB,  generally 
eJciat  at  such  locations  where  it  is  difficult  to  regularly  examine 
the  cotiditions  from  time  to  time  it  is  of  vital  in^f^ortanee  to 
arrange  for  the  proper  determination  of  the  sustaining  '^strength 
of  the  soils  aiid  the  proper  t^e  of  •foundation  planning  ito  suit 
thi^  tx>ndAtiQ]a.  It  should  always  be  considered  that  fire  :usid^  cer- 
tain conditioffls  c&ti  exist  i!i  out  of  the  way  places,  where  it  is  diffi- 
cblt  or  implossible  to  reach  the  seat  of  fire,  by  hose  streams,  ot 
dwkmiiks^'  It  is  {therefore  important  to  Use  only- such  strncturial 
maitei-ials  as  will  offer  the  maximun^  resiatancfe  to  ftre^  as  wull  as 
oth©!*  depreciable  influences.  Foundations  not  only  include  the  sup- 
ports of  the  strudtuTie  itself,  but  of  the  internal  appurtenances^  'such 
Its  boilfers,  ovens,  fireplaces,  chimneys,  heating  apparat-us,  and  vftricjus 
forms  of  machinery  which  by  unequal  settlement  or  disintegrration 
of  the  materials,  lead  to  unobserved  open  joints  or  cracks  through 
which  sparks  or  hot  gases  may  pass  and  communicate  fire ,  to  the 
contents  of  the  building;  or  as  frequently  happens,  back  of  wood 
furring  which  is  used  for  plastering  or  interior  finish. 
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Ho*  bearings  of  machinery  frequently  aris6  from  settlement 
caused  bj'  defective  foundations:  Improper  footings,  supports  or 
foundfeitions '  for  superimposed  loads,  such  as  merchandise,  special 
riiachinery,  chimneys,  wiater  tanks  or  conditions  due  to  periodical 
vibration  are  conducive  to  the  (?estructjve  influences  of  deteriora- 
tion and  fire.  Columns  are  often*  thrownr  out  of  alignment,  impor- 
tant structural  members  dtc  sheared  or  deprived  of  proper  bearings, 
the  result  being  that  a  light  shock  or  fire  of  small  magnitude  would 
tend  to  wreck  the  entire  structure. 

Stoii^woi-k.-^The  use  of.  limestone,  bluestone  and  granite  should 
be  avoided  in  connection  with  supporting  columns,  bond  stones  or 
lintels,  as  in  case  of  fire  and  the  application  of  water,  stonework 
often,  1)0  matter  how  SMt>sJtantialIy  builtj  rapidly  disintegrates  and 
wrecks  the  entire  structure.  Granite  piers  hav«  been  known  to  disr 
integrate  into  the  consistency  of  sand.  Stone  lintels  should  never 
be  used  over  large  or  important  door  or  window  openings. 

Chimneys  and-  Pliws.-^The  defective  flue  is  especially  disastrous 
in  dwellings,  as  the  plastering  of  the  interior  walls  or  partitions 
prevents-  the.  observation  of  the  common  defects.  Flues  built  in 
connection  With  walls  are  likely  to  become  defective,  as  the  natural 
tendency  of  the  wall  is  to  settle,  owirjg  to  the  unequal  loading  on 
the  foundations,  the  result  being  that  -tlm  wall  will  crack  from 
fine  to  joist  and  at  the  point  of  contact,  probably  the. crack  will  -fiJl 
with  §oot,  attjd.in  .time  there  is  a  likelihood ,  of  a  spark  igniting  the 
soot  in  the  crack,  the  fire  in  turn  finding  its  way  to  a  dried  out 
joist  or  timber  which  is  susceptible  to  ignition.  In  such  thoroughly 
concealed  spaces  thp  spark  of  fire  will  glow  into  a  flame,  which 
forces  its  way  along  the  joist  or  back. of  the  furring,  burning  there 
■  until  it  bursts  forth  in  a  number  of  places,  causing  a  destructive 
fire.  Poor  masonry  work,  thin  walls,  lack  of  properly  mixed  mortar 
and  open  joints  are  common  defects.  Flues  arranged  on  corbels 
formed  in  walls  are  especially  subject  to  cracking.  The  running 
of  floor  timbers  into  flue  walls  or  arranging  such  timbers  directly 
against  flue  walls  is  bad.  Negligence  in  not  providing  masonry 
trimmer  arches  for  hearths,  fireplaces  or  grates  is  a  common  defect 
arid  is  often  'found.  It  is  very  important  to  safeguard  the  header 
and  trimmer  timbers  adjacent  to  all  flues,  stacks,  fireplaces,  or  where 
there  is  any  danger  from  heat  or  sparks. 

Stovepipes. — As  stovepipes  frequently  cause  fires,  every  pre- 
caution should  be  taken  to  provide  for  the  proper  support  of  stove- 
pipes, which  should  be  substantially  made.  The  joints  of  stovepipes  . 
should  be  thoroughly  riveted  and  no  solder  should  be  used.  Long 
stovepipes  are  dangerous.  Care  should  be  exercised  jn  avbiding 
open  joints  where  stovepipes  enter  chimneys  as  leaksvafSl^^^ points 
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are  dangerous.  Stovepipes  should  not  be  run  through  combustible 
walls,  partitions,  floors,  ceilings  or  roofs.  Where  such  conditions 
cannot  be  overcome,  double  metal  thimbles  with  air  spaces  around 
them  of  at  least  one  inch  should  be  provided. 

Steam  Pipes  in  contact  with  woodwork  cause  the  wood  to 
carbonize  and  it  is  then  subject  to  rapid  combustion.  Without 
proper  metal  collars,  there  is  danger  frofn  dirt,  rags,  etc.,  accumu- 
lating in  the  exposed  space  around  the  pipe,  which  is  further  con- 
ducive to  fire. 

Furnaces  in  low  basements  where  the  top  of  furnace  is  close 
to  the  joists  or  other  woodwork  are  especially  dangerous.  This 
comment  will  also  apply  to  stoves  where  there  is  always  the  pos- 
sibility of  overheating,  exposing  such  woodwork  to  rapid  combus- 
tion. Proper  protection  should  be  provided  with  incombustible 
materials,  which  at  the  same  time  will  provide  suitable  insulation 
against  radiated  heat.  Or,  preferably,  the  woodwork  should  be 
entirely  eliminated  in  the  vicinity  of  stoves,  whether  at  sides,  back 
or  at  the  hearth. 

Hollow  spaces  and  wood  furring  are  dangerous  as  the  spaces 
form  flues  through  which  fire  rapidly  flashes,  and  it  is  very  difli- 
cult  to  reach  the  seat  of  fire  with  fire  protective  apparatus.  Fire 
stops  should  be  provided  at  all  floors  and  metal  or  non-combustible 
furring  should  be  used  instead  of  wood. 

Hollow  and  concealed  spaces  in  floors  and  walls,  especially 
in  buildings  constructed  of  wood,  are  dangerous,  as  not  only  do 
such  spaces  harbor  vermin,  but  form  many  flues  or  passages  open 
for  the  communication  of  fire  through  all  portions  of  the  building. 
Fire  in  such  spaces  is  difficult  to  locate  and  hard  to  extinguish. 
Fires  in  steep  roof  with  concealed  spaces  therein  are  especially 
difficult  to  fight. 

Boxed  cornices  are  dangerous,  as  they  acjmit  of  fire  com- 
municating to  all  portions  of  the- roof,  the  hollow  spaces  making 
it  difficult  to  locate  the  seat  of  fire  as  well  as  to  extinguish  it. 

Inaccessible  spaces  under  floors  are  responsible  for  the  rapid 
spread  of  fire,  as  it  is  impossible  to  direct  hose  streams  to  advan- 
tage in  such  spapes.  A  frequent  custom  is  to  build  floors  some 
distance  alx>ve  the  ground  level,  supporting  the  joists  or  flpor  beams 
on  piers  and  girders.  Cracks  or  openings  are  likely  to  exist  in  the 
floor  allowing  a  draught  to  convey  fire  through  and  under  the  floor 
which  will  continue  to  burn  often  unobserved  until  the  entire  floor 
is  wrecked.  Such  spaces  harbor  vermin,  filth  and  rubbish  all  of 
which  are  conducive  to  fire  hazard,  and  the  existence  of  such  spaces 
is  also  favorable  to  dry  rot  or  rapid  deterioration  of  the  constructive 
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timbers.  Th^  effect  of  a  small  fire  under  such  conditions  is  often 
disastrous.  It  is  preferable  from  an  economic  standpoint  alone  to 
avoid  the  existence  of  such  spaces  under  all  floors  and  platforms. 

Dry  Rot. — This  condition  should  ever  be  guarded  s^ainst  in 
all  forms  of  timber  construction.  Green  timber  is  especially  sub- 
ject to  this  result  of  fermentation.  Seasoned  timber  is  affected 
by  the  lack  of  proper  circulation  Z)f  air,  and  great  care  should  be 
taken  to  secure  ventilation  around  wood  work,  where  beams  enter 
walls.  The  use  of  plaster  of  paris,  cement  and  similar  materials 
which  are  absorbents  of  moisture  should  be  guarded  against  in 
connection  with  wood  work,  and  such  materials  should  never  be 
brought  in  direct  contact  with  wood  work.  Lime  mortar  is  con- 
sidered preferable. 

Built  up  beams  or  girders  with  spaces  between  the  timbers, 
are  especially  subject  to  the  destructive  action  of  fire.  Should 
fire  gain  headway  in  such  inaccessible  spaces,  it  is  impossible  to 
reach  the  seat  of  the  fire  by  sprinklers,  or  hose  streams,  especially 
if  the  hose  streams  are  directed  from  the  outside  of  the  building. 

Exposed  Structural  Metal  Work. — In  buildings  or  rooms 
where  the  contents  are  of  a  combustible  nature,  exposed  structural 
metal  work  constitutes  a  structural  defect,  as  steel  or  wrought  iron 
when  subject  to  a  mild  fire  rapidly  fail  by  buckling,  expansion  or 
bending.  Steel  begins  to  lose  its  strength  at  a  temperature  of  500 
degrees. 

The  use  of  metal  rods  in  connection  with  timber  coiistrucfion  is  a 
serious  defect,  especially  when  used  with  wood  girders.  A  common 
method  of  securing  long  spans  in  wood  girders  is  to  strengthen 
the  timbers  with  truss  rods;  spans  of  from  thirty-five  to  forty  feet 
are  frequently  planned.  The  timbers  under  such  conditions  without 
the  reinforcing  truss  rods  would  ordinarily  support  but  a  fractional 
portion  of  the  load.  The  main ,  carrying  capacity .  being  ijnposed  on 
the  metal  rods,  any  failure  of  the  rods  would  naturally  result  in  tbe 
destruction  of  the  entire  girder.  There  are  a  number  of  ways  in 
which  fire  can  wreck  such  a  girder.  The  primary  result  of  fire 
on  such  construction  is  the  expansion  of  the  rods,  and  as  no  pro- 
vision can  be  made  in  this  form  of  construction  for  eliminating 
expansion  of  the  metal,  the  rods  in  question  readily  detach  them- 
selves from  the  struts,  posts  or  chairs  leaving  the  timbers  unsup- 
ported. The  results  of  deflection  and  vibration  are  readily  mani^ 
fested  in  such  types  of  construction,  and  unforeseen  weaknesses 
can  develop  at  the  joints  or  threaded  ends  of  the  rods  which 
w^hen  subjected  to  the  action  of  fire  rapidly  lead  to  the  destruc- 
tion of  the  entire  girder.  Digitized  by  v^OOglC 
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The  use'  of  1  iron-  rods  fbr'  the  support  of  hanging  galleries  or 
intermediate  floors  should  be  avoided! 

Supporting  and  Cut-OfF  Walls. — A  defect  frequently  existing 
in  such  walls  is  the  lack  of  proper  structural  material  at  certain 
places  to  retard  the  progress  of  fire  from  one  building  to  another. 
Poor  mortar  joints  ar-e  often  responsible  for  the  communication 
of  fire  through  intended  fire  stops.  Beams  and  joist  are  often 
extended  into  cut-off  walls  in  such  a  manner  that  littte  or  no  space 
exists  between  the  ends  of  timbers  on  either  side  of  the  wall,  with 
a  result  that  the  burning  or  falling  timbers  allow  direct  communi- 
cation for  fire  to  the  opposite  side  of  the  wall.  This  condition 
frequently  exists  at  roofs  where  extra  wood  strips  or  timbers  are 
often  inserted  into  so-called  fire  walls  for  the  support  of  roofing 
or  arranging  flashing^^ 

Wood  girders  over  door  openings  in  division  walls  should  be 
avoided;  the  nearer  the  division  wall  is  self-sustaining  without 
the  introduction  of  beams  or  supporting  members  built  into  the 
same  the  more  substantial  and  effective  the  wall  becomes  as  a.  fire 
retardant. 

Open  elevator  wells,  stairways  ani  belt  holes  thrpugh  Hoors 
are  structural  defects  in  >11  classes  of  buildings  irrespecitive  of  the 
type  of  construction.  With  such  features  the  entire  building  is 
subject  to  draughts  and  the  progress  of  fi.re  cannot,  be  confined,  to 
a  limited  area;  fire  under  such  conditions  will  quickly  flash  from 
story  to  story  and  soon  be  beyond  control.  Such  conditions  are  also 
conducive  to  the  so-called  dreaded  back  draft  or  smoke  explosions, 
which  are  due  to  the  subsequent  ignition  of  the  volumes  of  sus- 
pended carbon  and  gases  ^.rising  through  the  buildipg. 

Varnished  woodwork  or  hardwood  finish  is  undesirable  from 
a  fire  protective  standpoint,  as  fire  will  rapidly  flash  over  surfaces 
thus  treated.  Mills,  offices  and  places  of  public  assembly  should 
be  free  from  such  conditions.  Woodwork  thus '  fini^ed  is  often 
supported  by  wood  furring  with  the  existence  of  hollow  spaces. 
This  type  of  construction  admits  of  the  rapid  progress  of  fire,  and 
such  conditions  have  defied  the  efforts  of  fire  departments  to  save 
life  and  property. 

Sheet  metal  nailed  to  woodwork  for  protection  of  the  wood 
against  fine  gives  a  false  sense  of  security,  as  the  metal  conveys 
ike  heat  to  its  wood  backing  and  ignition  of  the  latter  would  be 
hidden  by  the  metal  facing.  Nails  readily  poll  out  and  fire  can 
work  through  the  joints  or  cracks  and  ignite  the  woodwork.  Fire 
under  such  conditions  is  difficult  to  fight.-    Metal  (^^grtegienot  an 
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hisulator  against  heat  and  anything  Bot  a  short  flash  fire  is  liable 
to  cause  the  woodwork  to  ignite. 

Where  it  is  desired  to  protect  exposed  woodwork,  only  such 
materials  should  be  used  as  are  incombestiWe  and'  will  provide 
insulation  against  heat. 

Quick  Burning  Construction. — Manufacturing  and  mercantile 
buildings,  schools,  or  places  of  public  acsembly  should  never  be 
constructed  with  light  floor  or  roof  timbers.  A  frequent  custom 
is  to  arrange  light  joists  or  rafters  from  two  to  three  inches  in 
width  spaced  from  twelve  to  eighteen  inches  apart.  This  form 
of  construction  admits  of  serious  fire  loss  due  to  the  name4'ous 
exposed  surfaces  to  which  a  fire  cottid  readily  communicate.  The 
spaces  between  these  joists  act  as  flues  in  which  fire  cannot  readily 
be  extinguished  especially  by  outside  hose  -streams,  the  result  being 
the  scat  of  fire  cannot  be  reached,  and  if  fires  under  such  conditions 
are  not  extinguished  in  tiieir  incipiency  the  results  are  disastrous. 

The  sheathing  of  the  underside  of  joist  with  wood  or  plaster 
aggravates  tine  above  conditions. 

Where  timber  enters  into*  building  construction  it  is  preferable 
to  arrange' the  «ame  in  heavy  solid  ^masses  in  order  to  expose  the 
least  number  of  corners  or  projections  to  five. 

Misplaced  Fire  Escapes. — It  is  a  common  error  to  locate  fire 
escapes  in  such  a  manner  that  they  are  exposed  to  the  action  of 
fire  bursting  from  windows,  and'  many  fire  escapes  are  so  arranged 
that  flames  coming  from  a  single  window  along  the  line  of  fire 
escape  cuts  off  every  chance  for  those  above.  Correctly  placed 
a  fire  escape  should  be  upon  a  blind  wall  wherever  possible,  with 
approaches  or  bridges  at  each  story  runnmg  to  and  opening  upon 
it.  This  feature  should  receive  particular  consideration  in  factory 
buildings,  schools  and  places  of  public  assembly.  The  laws  of 
some  municipalities  require  smoke  proof  fire  towers  which  are  the 
correct  solution  of  the  problem  of  feafe  exits. 

Exposure  Conditions. — In  order  to  overcome  structural  de- 
fects which  may  develop  from  outside  sources,  the  exteriors  of 
structures  should  be  constructed  with  due  consideration  of  the 
nature  of  the  surroundings.  Fire  may  enter  through  exterior  doors 
and  windows  or  skylights  unless  these  features  are  properly  de- 
signed. Wood  or  combustible  cornices  readily  communicate  fire 
from  exterior  sources  and  they  should  never  be  designed  for  struc- 
tures to  be  erected  in  congested  districts.  The  construction  of'  bay 
windows  or  windows  with  large  glass  nreas  should  be  avoided 
where  there  is  danger  of  fire  communicating  from  the  exterior. 
Large  wood  cupolas,  wood  ventilators  or  monitors  should  not  be 
arranged  on  roofs  where  fire  coKild  communicateti*dbtft€»^l^l€The 
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use  of  cut  stone  work  and  ornamental  terra  cotta. should  be  avoided 
in  built-up  districts  or  where  fire  could  damage  the  same.  Shingle 
or  other  combustible  roofs  are  frequently  found  where  external 
fires  can  readily  communicate  to,  and  destroy  property.  Such  roofs 
should  not  be  used  after  the  completion  of  the  building,  in  which 
event  such  defects  as  above  outlined  cannot  be  overcome  or  pro- 
tected against  fire  after  the  completion  of  the  building,  in  which 
even  such  defects  form  a  fixed  charge  upon  the  property  and  con- 
tents thereof  as  long  as  the  structure  exists. 

Conditions  conducive  to  rapid  deterioration  constitute  struc- 
tural defects  which  should  be  guarded  against  in  the  selection  of 
building  materials  or  the  assembling  of  the  same. 
,  Climatic  conditions  have  a  direct  effect  en  materials  and  should 
be  considered.  The  action  of  moisture,  gases,  steam,  and  radiated 
heat  fron^  furnaces  or  boilers  have  injurious  effects  on  structures 
which  are  often  overlooked,  aijd  as  a  result  serious  conditions  are 
likely  to  ensue,  especially  in  types  of ,  construction  where  thorough 
periodical  examination  of  the  structural  members  is  not  feasible. 

It  frequently  develops  that  serious  results  ensue  from  the  deteri- 
oration Of  disintegration  of  apparently  minor  structural  members; 
this  especially  applies  to  structural  metal  works  which  is  susceptible 
to  rapid  deterioration  if  not  properly  protected.  Wrought  iron  and 
steel  are  liable  to  be  thoroughly  consumed  by  rust  and  the  action 
of  this  disintegrating  influence  is  first  apparent  at  points  where  two 
surfaces  come  together  as  in  joints  in  Z  or  angle  columns.  It  is 
therefore  important  to  provide  for  the;  avoidance  of  concealed 
spaces  in  structural  metal  work  and  to  design  such  members  in  such 
a  manner  as  to  guard  against  the  promotion  of  rust  and  its  conceal- 
ment. The  covering  of  metal  work  should  be  of  such  a  nature  as 
will  protect  the  same  from  rust;  the  painting  of  iron  preserves  it 
only  as  long  as  the  oil  of  the  paint  lasts.  The  protection  of  metal 
work  should  not  be  attejnpted  with  ?uch  materials  as  absorb  moist- 
ure. .  Steam  pipes  should  never  be  placed  and  concealed  near 
wrought  iron  or  steel  columns,  as  escaping  steam  or  condensation 
is  liable  to  cause  and  hasten  rusting.  Cast  iron  should  not  be  used 
for  beams  or  lintels  as  it  is  brittle  and  will  not  withstand  shock 
or  vibration.  When  used  in  columns  defects  in  the  castings  should 
be  guarded  against,  as  frequently  the  castings  are  thin  on  one  side 
and  thick  on  the  other  which  is  due  to  the  floating  of  the  cores 
in  the  moulds.  While  cast  iron  is  not  as  susceptible  to  rust  as 
steel  and  wrought  iron,  the  action  of  fire  thereon  should  be  guarded 
against  by  proper  fireproofing  materials. 

Defective  Fire  Doors  .  and  Ifirc  Shutters. — Fire  doors  and 
shutters  are  subject  to  rapid  deterioration  if  ^(^t^j^i^^g^^ipstalled 
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and  inspected  at  frequent  intervals.  There  are  many  fire  doors 
and  fire  shutters,  so-called,  which  are  absolutely  of  no  use  in  fur- 
nishing protection  for  the  door  or  window  openings.  Not  only 
are  doors  and  shutters  frequently  imprbperly  constructed  but  are 
ineffectively  installed  or  not  properly  looked  after  from  time  to 
time.  Frequent  defects  in  fire  doors  and  shutters  consist  of  the 
improper  jointing  of  the  tin  work  and  improper  method  of  nailing 
under  the  seams.  These  are  defects  whicli  fi>ft€fn  cannot  be  observed 
at  a  casual  inspection,  but  can  only  be  detected  by  opening  up  the 
seams.  Exposed  nails  in  the  tin  work  are  always  defects.  Doors 
are  often  hung  on  light  or  insecure  tracks  or  hinges,  the  condition 
being  aggravated  by  the  presence  of  wood  work  used  in  support- 
ing or  blocking  up  the  tracks;  combustible  door  sills,  improper 
guides  and  stops  all  tend  to  reduce  the  effectiveness  of  tifcese  struc- 
tural features.  Fire  shutters  secured  to  wood  window  frames  fre- 
quently exist  and  are  about  as  useful  -as  np  form  of  protection. 
Consideration  of  Occupancy. — There  is  no  feature  of  more 
importance  in  the  construction  of  a  building  than  the  thorough 
consideration  of  the  proposed  purpose  for  which  it  is  to  be  used. 
Correct  constructive  features  differ  with  different  classes  of  build- 
ings and  locations.  Common  defects  in  construction  are  th6  im- 
proper arrangement  of  the  fooms  or  grouping  of  buildings  .which 
contain  the  hazardous  features,  -or  the  exposing' of  valuable  con- 
tents to  the  resultant  conditions  of  smoke,  Are  and  ^tef;  the 
improper  use  of  constructive  materials  to  withstand  depreciation, 
or  the  action  of  gases,  steam,  etc.,  in  connection  with  the  internal 
appurtenances;  the  lack  of  properly  planned  ventilating  ducts  or 
flues  often  requires  the  marring  of  structural  features  and  the  cut- 
ting of  unnecessary  holes  through  walls  a|id  floors,  {^tid  proper 
provision  •  for  wire  or  pipe  sHafts  is  often  overlooked  in  the  con- 
9tl*«€ttve  process.  Improper  supports  for  machinery  or  concentrated 
loads  often  require  the  addition  of  structural  members  which  can- 
not be  installed  without  detracting  fro^i  tlie  original  type  of  con- 
struction. The  arrangement  of  structural  features  to  suit  the  special 
conditions  of  fire  protective  devices  .should ,  not  be  overlooked,  as 
excessiye  costs  can  often  be  avoided",,,  if  future  fire  protective  devices 
are  considered  in  connection  with  the  conjstructive  materials. 

HEAT 

From  scientific  tests  the  following  conclusions  have  been  reached 
relative  to  the  temperatures  developed  by  fire  under  various  condi- 
tions, and  these  results  should  serve  as  a  guide  in  determining  the 
class  of  materials  or  type  of  construction  to  suit  various  require- 
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The  heat  developed  by  a  <^cm^on  wood  fire  is  about  1000°  F. 

The  heat  developed  by  a  charcoal  fire  is  about  2200°  F. 

The  heat  developed  by  a  coal  fire  is  aboiit  2400**  F. 

The  heat  of  a  burning  structure  is  at  least  1000*  F. 

A  mild  external  fire  develops  at  least  120O**  F.  for  one  hour; 
700''  to  1000°  F.  for  about  one-half  hour,  indicates  a  mild  condition 
such  as  would  generally  occur  in  an  office  building  or  dwelling 
where  such  structures  are  under  the  protection  of  a  public  fire 
department. 

A  Conflagration  develops  at  least  2500°  F,  for  a  period  of  six 
hours.  Oil  fires  or  fires  in  lard  refineries  are  extremely  severe, 
developing  temperatures  as  high  as  4000°  F. 

TEMPERATURES 

The  following  table  gives  a  list  of  temperatures  developed  in 
iron  and  clay  working  industries: 

Degrees 
Fahrenheit 

Shale Drain  tile Bottom  kiln  ........  i6oo 

Composition Ilarthenware   Kiln  best  heat i860 

Fire  clay Stoneware    Hottest  part  of  kiln . .  2922 

Fire  clay Stoneware    Hottest  part  cooling. .  1900 

Fire  clay Stoneware    Bottom  best  heat I'^^o 

Fire  clay ( Sewer  pipe Kiln  best  heat 1920 

Fire  clay Prick  and  terra-cotta. .  Kiln  best  heat 2200 

Shale Sewer  pipe Kiln  best  heat 1862 

Fire  clay Paving  brick Kiln  best  heat 1920 

Shal« Paving  brick Kiln  best  heat 1800 

Boiler   Under Under  stoker  arch. . .  2295 

Inprot On  table Being  rolled 1950 

Ingot Heating  furnace Ready  for  rolling 2120 

Bessemer  steel    Pouring    Ingot ,...;....  2550 

Open  hearth  steel Pouring    Ingot '. 2620 

Blast  furnace   In  furnace Reader  for  tap 2660 

Blast  furnace   Mill  Iron   Running   222.S 

Blast  furnace   i:essemer  iron Running   2295 

Open  hearth  and  blast  furnaces  develop  temperatures  in  molten 
metal  up  to  3000**  F. 

Good  Portland  cement  is  manufactured  at  temperatures  from 
2600**  to  3000°  F.  ■  ' 

Sand  does  not  fuse  until  a  temperature  of  above  2900°  F.  is 
reached. 

Temperature   of  glass  melting   furnace 2500'to  2600°  F. 

Melted  glass   2400° 

Annealing   bottles 1 100* 

Bright  iron  becomes  yellow  at 400° 

Bright   iron  becomes   red   at 500° 

Bright  iron   becomes   indigo   at S5o° 

Bright  iron   becomes  gray   at ". 75©° 

Tin   melts   at 445® 

Lead  melts  at 612° 

Zinc  melts  at 775° 

Copper  melts   at 1885  to  2000° 

Cast  iron  melts  at 1900  to  2200° 

Wrought  iron  melts  at 2500  to  2912° 

Platinum   melts   at 3227° 

Steel  melts  at ^^^^JPr^T^Z 

Aluminum   (cast)   Di^tized  b? VsyQOvTlC 
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COMBUSTION 

According  to  the  experiments  of  Kerl,  the  initial  heat  or  tem- 
perature to  be  reached  to  allow  the  particles  of  carbon  to  properly 
ignite  with  those  of  oxygen  is  as  follows ; 

Peat 437**  F. 

Pine 563°  F. 

Soft  coal  , 619**  R 

Charcoal  made  by  low  heat,  say  280°,  will  ignite  at 360°  F. 

Charcoal  made  by  higher  heat,  say  750°,  will  ignite  at. .'. .  380°  F. 
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THE  EFFECTS  OF  FIRE  ON  ALL  FORMS 
OP  BUILDING  MATERIAL 

Wood  in  the  form  of  small  units  is  highly  combustible  and 
has  no  fire  resisting  qualities;  in  bulk  or  heavy  timbers  it 
burns  slowly  after  the  outside  has  become  charred,  as  the  char- 
ring acts  as  a  non-conductor  to  the  heat.  Large  timbers  have  with- 
stood the  direct  action  of  fire  without  impairing  the  strength  of 
the  floor  construction  whereas  structural  steel  under  similar 
conditions  has  utterly  failed. 

The  inflammability  of  timbec  is  in  proportion  to  the  structural 
compactness  of  the  pores,  timber  of  the  character  of  oak  being  less 
readily  inflamed  than  pine. 

Fire  resisting  wood  has  been  successfully  used  in  the  navy 
department  of  the  United  States  Government,  and  is  acceptable 
as  a  fire  retardant  under  certain  conditions  under  the  New  York 
Building  Code.  Severe  tests  have  been  made  on  properly  treated 
wood  which  indicated  its  merits  as  a'  non-inflammable  material, 
but  as  the  expense  of  properly  treating  wood  is  considerable,  and 
as  a  number  of  faulty  processes  have  been  usejj,  the  use  .of  fire 
resisting  wood  has  not.  been  extensive,  nor  has  its  effectiveness  been 
proved  by  the  ageing  of  the  wood  so  treated  and  the  possible 
chemical  changes  due  to  varying  atmospheric  conditions. 

Certain  kinds  of  treated  woods  are  likely  to  absorb  moisture, 
or  the  wood  fibres  might  become  weak  or  brittle;  under  such 
conditions  it  is  a  question  whether  it  is  wise  to  consider  wood 
so  treated  as  a  constructive  material. 

The  tests  of  treated  and  untreated  woods  show  that  the  tend- 
ency of  untreated  woods  to  burn  is  ten  to  twenty  times  that 
of  treated  woods. 

The  fireproofing  of  wood  is  most  successfully  accomplished  by 
the  processes  which  thoroughly  impregnate  all  the  pores  to  the  heart 
of  the  timber  using  such  chemicals  as  are  not  hygroscopic  or  efflores- 
cent in  character.  The  chemicals  used  should  be  of  such  a  nature  as 
will  not  corrode  structural  metal  work  used  in  connection  with  the 
timbers,  and  only  such  chemicals  should  be  used  as  will  admit  of 
the  cremation  of  the  wood  without  flame.  . 

Compounds  of  ammonia  hj^ve  been  successfully  used  as  the  ready 
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volatility  by  heat  of  such  compounds  produces  gases  which  do  not 
support  combustion  or  burn  of  themselves. 

"Fireproof"  paints  are  used  extensively  for  the  protection 
of  wood  work  but  their  effectiveness  is  limited  and  depreciates  in 
time;  ^s  ^  prcftectloli  td  wood  work  sUch  paints  "have  been  known 
to  resist  the  action  of  a  mild  ftre  fol'  ipctiods  of  from  fifteen  to 
twenty  minutes.  Paints  in  the  form  of  tungstate  of  soda  and 
asbestos  paint  are  e:ktetisive1y  used.  Silicate  of  soda  and  liifie 
wash  applied  in  alternate  coats  will  decrease  the  probability  of 
ignition  to  wood  work  in  the  case  of  incipient  fires. 

The  formilla  fdr  whitewash  as  ada|)led  by  the  United  States 
G^vfernment,  when  pfoperiy  applied  to  Wood  work,  affords  a  good 
fire  fetardaht. 

Whitewash^ — Formula  Recommended  by  the  Liighthouse  Board 
of  the  United  States  Treasury  Department.— Siake  o«e-hAlf 
bushel  of  unslacked  lime  with  boiling  water,  keepipg  it  cowered 
during  the  process;  strain  it  and  add  a  peck  of  salt  dissolved  in 
warm  waiter;  add  three  pounds  of  ^found  rrce,  put  in  boiliiig  water 
and  boil  to  a  thin  paste ;  idd  one-half  potind  powdered  Spanish 
whiting  and  a  pound  of  dear  glue  dissolved  in  hdt  water.  Mix 
these  well  tbgelther  and  let  the  mixture  stand  for  several  days. 
Keep  the  wash  thus  prepared  in  a  kj^ttle  or  pOfrta!bl6  furnace,  and 
when  used  put  it  oil  ats  hot  as  possible!  witjh  paintef^s  ot  whitewash 
brushes. 

Where  possible  the  coatings  should  bie  appUied  by  a  hand  brush 
rather  thaft  by  a  spraying  machine,  thus  effecting  a  better  surface, 
and  special  cat'i  should  be  taken  to  keep  the  whitewaS|h  off  of  the 
sprfnkler  heads. 

STONEWORK 

In  considering  the  resistive  qualities  of  various  kinds  of  stone,  it 
is  necessary  to  determine  the  conditions  due  not  only  to  the  influence 
of  heat,  hut  the  resultant  disintegration  due  to  a  rapid  change  of 
temperature  which  is  likely  to  ensue  from  the  action  of  the  water 
thrown  in  hpse  streams  on  the  hea4:ed  stone  in  case  lof  fire. 

A  stone  which  under  certain  conditions  may  stand  up  very,,  well 
will  disintegrate  under  other  conditions...  Some  slpncor  granites 
act  badly  on  fast  cooling,  yet  under  the  combined  action  of  flame 
and  water  have  suffered  little  damage.  Sudden  cooling  is  con- 
ducive to  disintegrating  the  general  forms  of  stonework,  damage 
being  more  pronounced  in  rocks  of  coarser  texture.  The  more 
compact  and  hard  the  stone  the  "better  it  will  resist  extreme  heat ; 
the  greatter  tlie  absorption  the"^eater  vdW  be  the  effect  o< 'heat. 
A  very  porous  sandstone  will  be  reduced  to  sand,  and  a  stpne  in 
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which  the  cement  is  largely  limonite  or  clay  will  suffer  mote  than 
one  held  together  by  silica  or  lime  carbonate.   ' 

Limestones  up  to  the  point  where  calcination  begins  (600° 
to  800°  F.)  will  be  little  injured,  but  above  that  point  they  fail 
badly  owing  to  the  crumbling  caused  by  flaking  of  the  quicklime. 

Marble  behaves  similarly  to  limestone  but  on  account  of  the 
coarseness  of ,  texture  also  cracks  considerably. 

Sandstone  will  stand  up  fairly  well  at  temperatures  from 
800^  to  1000°  F.  but  cracking  can  be  expected  along  the  bed  of  the 
stone,  and  the  stability  of  structural  members  Would  be  endangered 
if  the  stone  had  not  been  properly  set.  At  1500**  F.  severe  injury 
could  be  expected,  as  there  is  no  possibility  of  local  expansion  or 
contraction  without  rupture. 

Granite. — Crumbles  rapidly,  disintegrates  and  cracks  tinder 
normal  degrees  of  heat,  which  is  due  to  the  coarseness  of  texture 
and  the  differences  in  the  co-eflficients  of  expansion  of  the  various 
mineral  constituents.  Some  minerals  expand  more  than  others  and 
the  strains  occasioned  thereby  will  tend  to  rupture  the  stone  more 
than  where  the  mineral  composition  is  simpler. 

BRICKWORK 

Brickwork  of  properly  buriied  brick,  and  properly  laid  up  in 
strong  mortari  with  good  solid  well  filled  joints,  constitutes;  a  form 
of  construction  which  in  point  of  efficiency  cannot  be  excelled  as  a 
fire  resistive  material.  This  i§  due  to, the  homogeneous  texture  and 
the  joints  wl^ich  makes  it  possible  for  each  joii^t  tp^  assist  in  taking 
up  the  expansion  stresses  without  rupj^uring  the  main  body  of  the 
brickwork.  When  used  as  fi^'eproof  coverings  the  expansion  stresses 
are  not  seve;*e  as  the  homogeneous  nature  of.:the  material  prevents 
a  rapid  change  of  temperature  between  the  exposed  face  and  the 
interior  side  of  the  brickwork,  thus  eliminating  the  destructive  ex- 
pansion stresses.  Hard  dense  .bricks  will  spall  on  the  exposed  sur- 
face which  does  not  to  any  extent  affect  the  efl^ciency  as  a  protective 
covering.    ■   ,     '  -  

The  fire  resisting  property  of  bricks  depends  chiefly  upon  the 
amount  and  relative  proportions  of  the  silica,  and  alumina  contained 
in  the  clay  from  which  the  bjicks  are.. made;  the  greater  the  pro- 
porBpn :  of ,  alumina  to  silica  the  greater  ijS  the  infusibility  of  the 
clay.  .  The  uiost  refractory  bricks  are  however  not  the  .strongest 
for  structural  purposes.  The  best  bricks  for  building  purposes 
should  be.  burned  just  short  of  vitrification.   .  . 

Eire  brick  has  not  been  excelled  as'  a  resistive  material -to 
high  temperatdreSi     The  linings  iof   steel  melting  funiacesy0idjf^ 
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are  constructed  of  this  material  are  required  toinsiihdtfi  up  to.  3cx)o 
degrees  of  heat;  the  brickwork  in  such  cases  is  £rom  twelve  to 
fourteen  jnche^  in  thi;dttiess,  which. insures  th^  proper  insulation; 
at  the  same  time  the  expansion  st^ress  in  ^e  brickwork  is  very 
slight     ;  ,  •  , 

CPNCREXe  BLOCKS 

The  proper  manufacture  of  concrete  blocks  is  an  art  Accomplished 
by  few  at  the  present- tinie.  Walls  constructed  of  concrete  block 
have  passed  through  mild. fires  without  damage,  but i the  percentage 
of  faihires  is  considerable.  A  good  type  nf  constructidn  for  small 
btfljrlidings  or  where  high  temperatures  or  long  continued  fires  are 
not ;  likely  J:Dobcur,  is»of'Well  made  concrete  blocks.  Ccmeut  blocks 
should  not  be  us^  for  fire  walls  or  where  conditions  are  such 
thaU:  tjiey  would  be  subject  to  seyere  fire. 

Hollow  blocks  of  concTrCte  as  set  in  the  walls  or  flooirs  of  a  buiW- 
ing  usually  present  but  one  surface  or  face  to  the  direct  attack  of 
fir^  and  the  consequence . is  tkat  <ane  side  or  face  of  the  block 
expands  rapidly  und^ir  thie  influence  of  he*t,  while  thie  other 
three  sides  receiving  imMch  less  heat  (Ip  inpt.expa^  nearly  as 
rapidly,  with  the  result  that  the  hottest  side  breaks  away  from  the 
others. 

.  TERRA  COTTA 

The  fire  resi^ive  <iti:Alities  of  terra  cotfa  are  governed  by  the 
nature  of  the  clays  entering  into  its  composition,  the  method  of 
burning,  arrangement  artd  thickness  of  the  webs  and  cellular  con- 
structidn, ttie  si«e  of  the  units  dr  blocks  and  the  manner  of  setting 
the  ttfateri^i  rA  connection  with  the  "Strhchiral  frame  of  the  build- 
ing. The  strwttural  defects  of  terra  cotta  can  readily  develop  in 
a  fire  tt)f  no  great '  ^magnitude  and  the  ultimate  efiidency  of  the 
material  can  only'l)e  secured  by  the  proper  care  in  manufacturing 
and  in^allation. 

Terra  cotta  sho>ald  be  of  adequate  thkkness  and  weight,  with 
heavy  webs  and  partKions;  the  corners  <*ould  be  arrangcid  with 
well  rounded  fillets  and  the  blocks  should  be  substantiiffly  con- 
structed. For  eflFe<!itive  coverings  the  mlntmuAi  thickness  of  the 
material  shouW  not  be  iskimped.  The  Mji^astroui  results  to  terra 
cotta  as'  a'  "fire  protective  material  have  beert'^e  to^the  'insufficient 
tWckness  of  the  material",  and  the  liiethod  of  "installation.  In  many 
cases  terra  cotta  \\is  been  but  a  thin  veneer  without  protecting  the 
structural  metal  work  against  fire.  Webs  of  tiles  should  be  at  least 
one  and  one-half  inches  tMdfc  with  interior  angles  rounded  to  a 
radius  of  two  incfees.  A  i weakness  from  a  fire  proteotire  stand- 
^int  is  frequently  developed  in  buiidings  KDif  irre^alar  form  >¥74icre 
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tfee  beam  lines  and  side  wftJIls  or  «Jr<krs  intersect  ^t  aputP  angles. 
Much. difficulty  is  experienced  and  much  inw^i^ffect  work  in  th^  $et-. 
ting  of  tile  often  results  in  the  patching  out  of  cut  pieces  of  tiling 
for  the  purpose  of  filling  out  the  irregular,  angles  and  intersections. 

The  chief  ivr^akness  in  terra  cotta  has  been  due  to  the  large  size 
units  empk)yed  and  the  thin  exposed  webs  which  are  incapable  of 
sustaining  the  expansion  stresses.  With  a  rapid  change  of  tem- 
perature thin  webs  have  not  the  required  resistive  qualities,  per- 
mitting fractures  and  ultimate  failure.  The  damage  by  tire  to 
the  spflfits  of  terr^k  potta  arches  is  due  to  -the  unequal  expansipn 
between  the  shells  and  wgt^s  of  the  ^rch  blocks,  the  shells  re- 
ceiving muph  more  heat  than  tfie  webs. 

Semirpprous  terra  cotta  properly  made  of  fir^  cl^y  can  be  heatpd 
to  redness  and  plunged  into  water  without  disintegration  and  with 
the  proper  application  of  same,  strpctur^l  nietg.1  work  can  bp  effec- 
tively protected  against  severe  fjre.        / 

IRON  AND  STEEL 

Cast  iron,  steel,  and  wrought  iron  appear  to  increase  in  strength 
in  temperatures  up  to  about  400°  F. ;  as  the  temperature  rises  above 
this  point  tfie  strength  is  rapidly  depreciated;  this  is  especially  *  the 
case  with  wrought  iron  and  steel. 

Structural  steel  at  about  575'  F.  loses  about  10%  of  its  strength. 

Structural  stepl  4J  a]t)out  750°  ^o  800°  loees  about  50%  of  its 
strength. 

Strt^ctural  stepl  at  ^bout  1000°  to  1200°  loses  about  75%  of  i^s 
strength. 

Hard  steel  has  a  higher  resistance  to  heat  than  soft  steel ;  experi- 
ments by  Howard  proye  that  O.io  per  ce^t.  carbon  ste^el  had  a 
strength  of  20,000  pounds  per  square  inch  at  1000°  F.  and  0.60  to 
ijoo  per  cent,  carbon  steel  had  the  same  strength  at  1600^  F.  Steel 
columns  •  will  yield  under  loads  at  from  1000°  to  laoo'^  F.  Cast 
iron  iias  stood  up  to  1300"  to  1500^  F.  for  a  short  time  but  tfae 
throwing  of  water  on  cafet.  iron  when  highly  heated  may  cause  it 
to  crack  or  fly  to  pieces.  Cast  iron  columns  should  not  be  us.ed  in 
high  buildings  as  their  failures  are  usually  complete,  which  results 
in  a  sudcjen  tqtal  collapse  of  the  sections  supported.  Beams  or 
girders  cannot  be  rigidly  attached  to  such  columns  and  defects  in 
the  material  cannot  readily  be  detected.  Wedgies  and  blocking 
pieces  are  frequently  introduced  in  connection  with  c^st  iron  col- 
umns Cor  the  purpos.e  of  trueing  up  tke  SiU'y.cture.  Sych  a  featufe 
is  ©ften  wnobserved  4^1  til  tjbe  action  ,of  iire  or  shQcfe,  jvhichnsualjy 
results,  di$#6tro^sly.  ,      •        Digitized  by  (uiOOgle 
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Irregular  heating  of  sttuctural  steel,  such  as  may  take  place 
J  when  a  beatti  or  girder  is  partly  encased  in  a  wall,  or  when  the 
lower  portion  of  the  structural  metal  work  is  unprotected,  pro- 
duces a  dangerous  condition  as  the  excessive  internal  strains 
tend  to  induce  twisting  and  distortion  or  the  stresses  due  to 
expansion  may  be  sufficient  to  throw  the  walls  of  a  building. 

COMPOSITION  FIRE  RESISTIVE  MATERIALS 

Resistive  materials  such  as  plasters  having  gypsum  as  a  base 
oflfer  a  great  degree  of  resistance  to  heat.  With  proper  compound- 
ing of  such  materials  and  when  the  blocks  or  slabs  are  properly 
arranged  they  afford  good  barriers  against  fire.  Gypsum  retains 
its  cohesive  power  when  subjected  to  high  temperatures  and  to  hose 
streams;  if  however  such  a  condition  is  present  for  any  length  of 
time  the  calcined  surface  of  the  material  may  be  washed  away 
without  a  total  disintegration  or  breaking  up  of  the  material. 

Asbestic  plasters  when  lard  on  a  solid-  foundation  are  a  good 
fire  resistant,  the  customary  thickness  being  from  three-quarters 
to  one  inch. 

Asbestos  building  lumber  is  used  exten^jyely  for  shingle^  and 
siding,  and  is  considered  superior  to  wood  wljen  arranged  in  con- 
nection with  proper  supporting^  members* 

Composition  wood  is  made  from  ground  s^raw  or  straw  board 
with  a  cement  or  composition  binder,  the  materials  being  subjected 
to  heavy  pressure,  and  forming  a  compact  board,  which  is  non- 
combustible  and  is  considered  a  good  non-conductor.  If  the  mate- 
rial is  of  sufficient  thickness  it  is  but  slightly  affected  by  high 
temperature  and  a  subsequent  application  of  water. 

Plaster  of  Paris. — ^While  plaster  of  paris  is  a  well-known 
non-conductor  of  heat,  such  compositions- absorb  moisture  rapidly 
and  dry  slowly;  they  soften  under  fire  streams  and  are  rapidly 
disintegrated. 

Air  spaces  in  connection  with  fireproofing  if  arranged  in  such 
a  manner  that  flues  will  not  exist  for  the  conveying  of  the  heat 
or  gases,  that  is  if  such  spaces  are  "  dead,"  afford  good  protection 
to  structural  metal  work,  as  such  spaces  will  permit  the  transmis- 
sion of  heat  only  by  radiation,  a  much  slower  process  than  by  direct 
contact.  When  designed  so  as  to  form  two  or  more  thicknesses  of 
insulating  material  with  air  spaces  intervening  the  efficiency  is 
largely  increased.  Wire  lath  and  cement  or  plaster  arranged  on 
suitable  furring  provides  a  very  good  protective  material.  C 


Effects  of  Eire  on  Building  Material        245 

WIRED  GLASS  WINDOWS 

Wired  glass  in  approved  metal  frames  is  an  excellent  fire  retard- 
ant;  although  it  will  crack  under  the  influence  of  fire,  it  will  retain 
its  position  when  subjected  to  a  rapid  change  of  temperature  due 
to  the  application  of  water.  Under  the  continued  application  of  heat 
as  would  be  present  in  a  conflagration,  the  glass  could  radiate  suffi- 
cient heat  to  destroy  combustible  materials  in  the  immediate  vicinity 
within  the  room  they  are  intended^  to  protect.  Wired  glass  windows 
form  the  best  known  safeguard  for  the  prevention  of  fire  spreading 
from  one  floor  to  another  through  the  xHitside  window  openings, 
especially  in  buildings  of  non-combustible  or  fireproof  construction, 
and  of  several  stories  in  height. 

EFFECTS  OF  FIRE  ON  CONCRETE 

Good  Portland  cement  is  manufactured  at  temperatures  of  from 
2600°  to  3000°  F.  The  fire  resistive  qualities  of  concrete  are  gov- 
erned by  the  nature  of  the  cement,  sand  and  stone^  the  proper  pro- 
portioning and  mixing  of  these  materials  and  the  care  exercised  in 
applying  the  concrete  mixture  m  the  construction  work. 

Cement  varies  in  its  chemical  properties,  and  may  to  all  outward 
appearance  seem  good,  but  the  only  safeguard  where  cement  is  to 
be  used  for  structural  purposes,  is  to  subject  it  to  a  physical  test. 
Failures  have  been  caused  by  a  low  percentage  of  lime  in  the  certient, 
a  specific  gravity  below  normal  with  an  undue  amount  of  volatile 
matter  in  the  cement.  The  strength  of  concrete  is  due  to  the  hydra- 
tion of  cement  which  in  setting  takes  up  a  certain  amount  of  water 
in  crystallization  which  is  essential  to  its  strength.  At  a  tempera- 
ture of  about  600°  F.  this  water  begfns  to  be  driven  off  and  the 
cement  loses  its  strength.  When  dehydration  is  complete  the 
strength  is  gone.  However,  the  dehydration  being  a  slow  process, 
and  as  the  dehydrated  material  is  a  poor  conductor  of  heat  the 
interior  of  the  mass  is  thus  slow  to  dehydrate.  Twenty  to  twenty: 
five  per  cent,  of  the  weight  of  concrete  represents  the  amouht  of 
moisture  which  is  chemically  combined  in  the  proper  setting  of 
^cement ;  dehydration  represents  the  evaporation  or  driving  oflF  of 
this  vapof  from  the  potes  of  the  concrete.  It  frequently  happens 
that  concrete  is  laid  in  places  where  it  is  to  be  exposed  to  a  tem- 
perature of  from  400°  to  500°  F.  It  has  been  demonstrated  that 
concrete  will  stand  this  temperature  provided  it  has  previously  been 
allowed  to  thoroughly  harden.  If,  however,  it  is  subjected  to  any 
such  temperature  as  this  within  a  short  time  after  being  laid,  the 
effect  is  to  dfy  it  out,  not  leaving  sufficient  moisture  present  for  its 
proper  hai'dening. 

Concrete  will  resist  extremely  high  temperatur<PS3ifo*bbWe€)^^lc^s, 
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say  four  to  five  hours.  Stone  concrete  sub|ected  to  temperatures  up 
to  2000*"  F.  and  suddenly  cooled  by  hose  streams  has  been  known 
to  disintegrate  to  a  depth  of  il4  inches  from  the  suriface,  the  inte- 
rior of  the  mass  being  intaqt.  Cpncrete  under  long  continued  tem- 
perature of  over  70Q°  F.  will  ultimately  disintegrate.  Concrete  will 
resist  500°  F.  for  an  indefinite  period  if  luixed  with  proper  prc^wr- 
tions  of  good  sand  and  trap  rock.  The  question  as  to  the  superior 
qualities  of  cinder  concrete  as  a  fire  retardant  is  one  that  has  re- 
ceived considerable  attention. 

Cinder  concrete  is  knowti  tb  have  uiidergone  teitipferatures 
of  2000°  F.  and  when  •  suddenly  cooled  by  hose  streams  tlone  of 
the  material  was  dislodged,  the  thebi^y  being  that  the  cement  ajxd 
cinders  being  chemically  similar  the  masses  bind  together  upon 
the  application  of  heat.  It  shotildy  however,  be  considered  that 
cinder  concrete  has  but  half  the  com|>ressive  strength  of  good  stone 
concrete,  and  ultimately  the  strength  of  chideri  concrete  when  sub- 
jected to  high  temperatures  would  be  proportionally  weakened. 

Gravel  concrete  will  crack  and  cruiiibk  in  pieces  lt>ng  before 
trap  rock  or  cinder  concrete  will  develop  any  weakness  under  the 
same  temperatures.  The  relatirely  l»Tgt  coefficient  of  expansion 
oi  quartz  or  flifnts,  which  form  the  integral  part  of ' gravely  is  re- 
sponsible for  the  breaking  down  oi  the  concrete  mixture  when 
subjected  to  high  temperatures. 

ttsLp  rock  cbhicrete  is  considered  as  a  whole  superior,  as 
Feldspar  which  is  one  of  the  predominant  minerals  has  ^  coefficient 
of  expansion  of  b\it  one-half  of  that  of  quartz. 

Limestone  Concrete. — Pure  limestone  is  considered  a  very 
good  aggregate  and  will  not  decompose  until  after  the'  cement  loses 
its  resistive  qualities. 

Re^forcing  Metal  in  Concrete. — The  experiments  of  reinforc- 
ing metal  in  concrete  indicate  that  where  the  reinforcing  metal  is 
exposed  in  the  progress  of  a  fire,  only  sO  much  of  the  metal  as 
is  actually  bare  to  the  fire  is  seriously  affected  by  it.  Portland 
cement,  concrete  and  steel  are  acted  upon  by  temperatU're  precisely 
to  a  similar  degree,  expanding  and  contracting  in  a  uniform 
manner,  or  the  coefficient  of  expansion  anid  contraction  of  concrete 
and  steel  are  to  all  practical  purposes  the  same.  The  adhesion 
between  the  concrete  and  steel  affords  a  powerful  resistance  to 
sudden  cooling,  Tl^  inherent  strength  of  well  mixed  concrete  and 
its  ability  to  sustain  a  heavy  shock  or  impact  makes  it  important 
as  a  fire  resistive  material.  The  thickn'ess  of  concrete  on  the  ex- 
posed sides  of  the  reinforcing  metal  to  properly  protect  the  same 
from  fire,  is  working  to  a  fixed  standard  amj^.^^^l^^^t.  informed 
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enginttcrSi  The  consensus  of  opinion  is  that  there  shbuld'feie  at 
least  »one  inch  of  corncrete  between  the  neatest  point  of  a  bar  to 
the  ceiling  in  panels,  at  least  two  inches  below  the  steel  in  beants 
and  girders,  and  aftso  two  inches^  of  concrete  outside  of  vertical 
bars  in  columns. 

In  designinig:  columns  m^rny  engineers  figure  only  tfiat  area*  of 
the  column  inside  the  vertical  bars^  wiien  <  hooped,  as  carrying>  tife 
load,  or  if  hoops  are  omitted  and  but  light  reinforcement  is  used 
to  prevent  bending  stresses  to  add  an  extra  inch  beyond  that  needed 
to  carry  the  load,  all  around  the  outside,  which  might  be  burned 
away  without  endangering  the  Toad  carrynig  ca'padty  of  the  Waffa^e 
of  the  column  iwthin.  II  tWs  ts^  fjUfmed  off- if  can  bp  pja§t!^«d 
back  giving  the  column  the  same  fire  resisting  qtralities  as  before. 
The  fire  resistive  qualities  of  concrete  stWwttercSWW-e  also  goyerij^d 
by  the  protection'  that  can  be  most  eflFectively  applied  in  the  extin- 
guishing of  fire  <(hal  might  origiWitW»iii%iiM>  ctmtmts  within, suqh^ a 
structure.  The^' forms  of  structure  where  ^^^ie*  beam  and  slab 
arrangement  is  stnikirly  arraBR0H#to  a  itrnMbnl'Mll  building^  n^niit 
of  the  possihilitigs.  pf  securing  the  most  effective- results  from  hose 
streams,  as  the  streams  can  be  directed  with  a  jireater'  fbf'ce-  aSid 
rfimaining  unbroken  thus  secure  the  maxiijium  horizontal  limit  of 
the  stream  whei»  it  hits  the  ceiling.  Sprinkler  protection  cw  aJeo 
be  arranged  effectively ;  whereas  in  the  case  of  a  number  of  pockets 
being  formed  iu;  the  ceilings  by  small  intermediate  beam^  there 
is  a  danger  from  the  heated  air  being  held  in  these  ^ke4*s,  which, 
under  certain  conditions,  transmits  the  heat  through  to  the  floor 
above. 

Some  Tests  on  the  Effect  of  Fire  on  Building  Materials 

At  the  recent  annual  meeting  of  the  National  Association  of 
Mutual  Insurance  Companies,  Mr.  James  E.  Howard,  engineer- 
physicist  of  the  Bureau  of  Standards,  read  a  paper  on  the  proper- 
ties of  building  materials  which  are  influenced  by  fire.  Among  the 
diagrams  he  presented  was  one.  Fig,  15,  showing  the  probable 
expansive  force  which  would  be  developed  by  confined  materials 
when  the  temperature  is^  raised.  The  figures  on  the  diagram  are 
based  on  the  moduli  of  elasticity  and  the  co-efficients  of  expansion 
of  the  materials.  A  range  in  temperature  of  160**  Fahr.  was  used, 
since  this  change  in  temperature  will  cause  an  expansion  in  a  steel 
bar  equal  in  amount  to  the  extension  which  it  will  display  under 
a  stress  of  30,000  lbs.  per  square  inch,  that  is,  equal  to  the  exten- 
sion of  a  piece  of  mild  steel  at  its  elastic  limit. 

Three  predicted  values  are  given  for  brick,  to  represent  the  be- 
havior of  hard,  light  hard  and  salmon  brick.  The  very  low  value 
for  salmon  brick  is  significant.  Digitized  by  dOOglC 
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Lime  mortar  is  very  compressible^  and  makes  a  good  cushion 
in  a  wall  for  the  stronger  brick  to  act  upon  when  heated.  These 
expansive  forces  must  be  guarded  against  or  may  be  neglected 
according  .to  the  kind  of  material  or  its  position  in  the  structure. 
It  will  be  noted  that  the  range  in  temperature  here  considered, 
only  160°  Fahr.,  is  an  Exceedingly  limited  one;  if,  however,  these 
predicted  values  are  approximately,  reached  the.  gjTavity.of  thernaal 
changes  in. causing  disrupting  forces  may  be  realized. 
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Anpther  of  M|:,;jHoward's  ,diagrams,  Fig.  16,  shows  the  relative 
expaiision .  of ,  a  numbeir  of  bi;ildi4;ig  stones  after  exposure  to  a 
temperature;,  of  about  400°  to  440°  Fahr.  The  open  lines  of  the 
diagram  indicate  Jhe^  approximate  expansion  of  the  ston.es  when 
heated,  while  the  portions  showing  full  lines  represent  the  per- 
manent expansion  which  remained  after  they  had  returned  to  the 
initial  temperatures.  It  will  be  seen  from  the  results  that  stcHies, 
when  even  moderately  heated,  do  not  return  exactly  to  their  primi- 
tive dimensions,  but  retain  as  a  permanent  set  some  of  the  expan- 
sion, which  they  acquired  when  hot.  These  permanent  sets  are 
comparatively  small,  amounting  to  but  a  few  thousandths  or  ten- 
thousandths  of  the  length  of  the  sample,  but  nevertheless  from  the 
persistence  with  which  they  appeared  in  each  case  are  believed  to 
be  there. 

Still  atiother  diagram.  Fig.  .17,  shows  the  loss  in  water  and  in 
carbon  dioxide  of  samples  of  ground  hydrated  qemShts.  One  Port- 
land and  two  natural  cements  are  represented,  also  a  composite 
cement.  Silica  brand,  made  of  one  part  Portland  cement  and  one 
and  a  half  parts  of  crushed  limestone.  Water  of  combination  was 
successively  driven  oflf  in  this  hydrated  material  as  the  temperature 
was  raised  from  230°  Fahr.  to  redness.    This  wouldyl^^jj^jjgl^^i" 
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cate  a  wai?t  of  stability  in  the  chemical  state  ol  the  hydrated  cement 
or  a  state  the  equilibrium  of  which  is  di«*turbed  at  comparatively 
low  temperatures.  Hygroscopic  water  was  driven  off  by  initially 
heating  the  material  at  io°  Cent,  above  the  boiling  point.  The  large 
percentage  of  carbondioxide  driven  off  the  Silrc?i  brand  of  cement 
was  due  to  the  limestone  entering  into  its  composition. 

In  this  connection  Mr.  Howard  said  th^it  cubes  of  neat  Portland 
ceraetlt,  which  were  exposed  to  a  temperatiffe  cfi  i,ooo°  Fahr., 
within  a  short  time  thereafter  gradiually  displayed  cracks  and 
eventually  broke  up  into  small  fragments.  The  beating  was  done 
slowly,  consuming  one  hour  in  raising  the  temperature,  maintain- 
ing the  maximum  temperature  for  a  period  of  one  hour,  and  then 
cooling  the  cubes  in  dry  powdered  asbestos.  1" his  careful  treat- 
ment was  adopted  so  as  to  avoid  destructive  internal  strains  by 
sudden  changes  of  temperature,  the  object  of  the  test  being  to 
determine  the  effect  of  exposure  to  successively  increasing  tem- 
peratures without  endangering  the  integrity  of  the  cement  by 
violent  thermal  changes. 

Two  diagrams  were  prepared  to  show  the  results  oi  some  tem- 
perature observations  taken  at  the  ceirter  of  sticks  of  Douglas  fir. 
One  diagram,  Fig.  i8,  gives  tine,  ofeervations  on  sticks  exposed 
over  a  wood  fire  for  periods  of  25^  hours  for  each  stick.  One  stick 
was  quenched  with  water  at  the  end  of  this  period  of  time,  another 
was  smothered. with  sland  and  ashes,  whiVe  tHe  third  was  takettfrom 
the  fire  without  qtrenching.  Thk'  ^titles  oHgindfly  Sv^e  10  in.  ititrare 
by  4  ft.  long.  IThere  "was  a  hole  b^bred  at  tlie  center  for  a  dtpih  of 
2  ft.  and'  a  thermometer  inserted  in  this  hole  indicated  1!he  ttopera- 
tures  which  are  plotted  on  the  diagram. 
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It<wilt'bt>  tiotied  that  fio  siibstantid(  rise  in  temperatttfie  vtras  it\\\ 
an  the  ciMiter  of  tbte  sticks  durift^  the  first  hotiT  over  the  fire.  Af^er 
this  there  was  a  rapid  rise,  which  continued  for  some  time  after 
the  sticks  had  be<eti  qttenched  or  withdrawn  ft-om  the  fire.  Thie 
temp^ratttr^  o<  the  fire  was  estimated  to  be  1,380°  Fabr.  The  sticks 
wtftfe  bwrned  until  tbey  were  from  6  to  7  in.  square; 

CpBipressicift  tests  made  on  the  wood  after  scraping  off  the 
dHaffed  perttons  showed  the  unfewmt  portiows  tp  hraive  retained 
threir  strength  unimpaired  In  fact,  the  thorough  drying  of  the  core- 
was  to  its  antvantage  •  at)par«itlyi  since  the  cottijfwessive  strenigth  of 
tli#  central  portions  jgave  resttlt^  above  the  average  for  this  kind 
of  wood.  Some  long  leaf  pigie  pftsts,  bbarred  by  a  frre  w^iidi 
occurrted  in  the  i^iper  story  of  a  buildingf,  also  displayed  compres- 
sive' strength  eqiuai  to  and  in  some  sticks  above  others  from  the 
sa^rn^  bit^Ming  whkh  hold  not  been  cbarr^.  ^       « 
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Figure  19 


The  second  diagram,  Fig.  ig,  shows  other  sticks  of  Doiaghis  fir, 
which  were  also  exposed  over  a  wood -fire.  One  stick  was  quenched 
with  water  after  having  been  over  the  fire  for  i^  hours  an^  immet- 
diately  returned  to  the  fire,  which  operation  was  repeated  ^\t  times  •; 
after  the  sixth  quenching  it  was  cooled  in  the  air.  The  Other  stick 
was  exposed  to  the  fire  during  alternate  hours  for  three  hours,  then 
taken  from  the  fire  and  smothered. — From  The  Engineering  Record^ 
Dec.  3,  1910. 

Structural  ^eel  Protected  with  Terra  Cotta  or  Concrete  as 
Api^i^d'tO'Fiteproof  Buiidings. — ^The  use  of  structural  steei  in 
modem  building  construction  is  necessitated  by  tiie  commercial 
economics  which  impose  the  following  r^quireme^g^d  by'*(sln '5^h«  maxi* 
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mum  of  unencumbered  floor  space,  ^id,  The  maximum  of  •  height. 
3rd,  Abundance  of  natural  light.  4tb,  The  resistance  to.  destruction 
by  fire  and  the  elements.  The  congestion  of  business  centers  within 
confined  areas  which  involves  tjuilding  sites  having  large  values  is 
a  condition  which  is  arising  {krjd  growing,  in  all  quarters". of  the 
universe,  and  while  attempts  have  been  made  to  discourage  the 
erection  of  skyscrapers,  the  demand  for  high. buildings  is  on  the 
increase.  As  t|ie  surroundings  of.  modern  structures  in  built-up 
communities  will  prove  more  or  less  of  a  menace  for  many  years 
to  come,  the  elimination  of  conflagration  hazards  cannot  be  ex- 
pected in  this  generation;  therefore,  the  modern  building  con- 
structed with  a  structujral  steel  frame  should  not  only  be  immune 
from  the  ponflagration  hazard  but  it  should  involve,  such  features 
as  will  prevent  it  from  being  a  conflagration  breeder  or^  carrier. 
Thesj  recfuirements  are  not  unknown  i  quantities  at  the  present  time, 
as  the  reports  of  experts  relative  to  the  several  well  known  con- 
flagrations in  the  past  have  brought  to  light  the  structural  defects 
which  were  largely  conducive  to  the  disastrous  results  in  buildings 
of  structural  steel  covered  with  terra  cotta  or  concrete  and  which 
previously  were  thought  fireproof  in  the  modern  sense  of  the  word. 

There  is  considerable  available  data  as  to  the  fire  resistance  of 
building  materials,  based  on  the  investigations  of  the  National  Board 
of  Fire  Underwriters,  the  New  York  Board  of  Fire  Underwriters, 
the  United  States  Geological  Survey  Department,  and  of  many  of 
the  larger  cities. 

The  degree  of  endurance  with  respect  to  fire  and  the  elements  is 
directly  proportionate  to  the  protection  afforded  to  the  structural 
frame  work  by  the  materials  which  are  supposed  to  afford  fire- 
proofing  qualities. 

Any  and  all  materials,  whether  terra  cotta,  concrete,  brick  or 
stone,  are  likely  to  fail  as  retardants  against  fire  if  proper  con- 
sideration has  not  been  given  to  these  questions,  and  the 
materials  chosen  and  assembled,  accordingly. 

The  reports  prepared  by  the  various  committees  of  the  National 
Fire  Protection  •  Association  bearing  on  the  several  conflagrations 
in  the  past  show  that  many  structural  steel  frames  were  not  only 
improperly  protected  by  unreliable  materials,  but  the  materials 
themselves  were  poorly  assembled.  The  building  laws  of  the 
larger  cities  are  sufficiently  flexible  to  admit  of  Several  types  of 
materials  for  fireproofing  purposes.  As  the  deteriorating  eflfects 
of  moisture^  electrolysis,  vibration,  and  chemical  action  have  an 
important  bearing  on  the  resistive  qualities  of :  structural .  steel 
the  fireproofing  -materials  should;  be  governed  accordingly,  and 
only  such  materials  should  be  adopted  as  wy.l.pretiljt^^t^[^bove 
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conditions  from  arising  within  the  structure  itself,  as  resultant 
effects  of  eithei*  electrolytic  or  moisture  leakage  from  pipe  lines 
vvhich  must  necessarily  exist  in  all  portions  of  the  structure. 

The-concliisions  set  forth  in  the  report  of  the  New  York  Board 
of  Fire  Underwriters  in  relation  to  the  Parker  building  fire  which 
occurred  on  January  10,  1908,  illustrate  fully  the  need  of  a  proper 
standard  and  enforcement  of  the<  same,  in  the  design  and  construc- 
tion of  fire  resisting  buildings.  The  Parkfer  building  was  con- 
sidered on  a  par  with  average  representative  fire-proof  buildings; 
in  fact  many  structures  in  various  parts  of  the  country  which  are 
so  called  fireproof  are  to-day  inferior  to  this  example.  That  such 
a  building  should  meet  with  practical  destruction  fi;'om  a  fire  in  a 
city  where  the  fire  department  is  of  such  magnitude  .is  almost 
inconceivable  to  the  general  public,  but  the  results  should  not  be 
surprising  to  the  layman  when  the  conclusions  of  the  New  York 
Board  of  Fire  Underwriters  which  follow  are  reviewed, 

•I.  "in  buildings  of  mercantilie,  manufacturing  or  storage  occu- 
pancy, it  is  absolutely  essential  that  all  vertical  openings  be  thor- 
oughly enclosed  in  substantial  fireproof  shafts  having  ^andard  fire 
doors  at  all  openings,  or  60  arranged  that  the  shaft  is  without 
openings  directly  f  into  the  various  stories.  Unprotected.,  vertical 
openings  through  buildings  are  the  greatest  factor  in  the  loss  of  life 
and  property  by  fire  and  the  proper  safeguarding  of  this  hazard 
demands  the  most: careful  attention  of  all  concerned. 

"The  unprotected  vertical  openings  through  the  floors  fufntshed 
the  condition  which  was  the  main  cause  of  the  rapid  spread  of  fire 
and  the  almost  total  destruction  of  the  Parker  building  and  its 
contents. 

"  High  buildings  vfilled  with  combustible  materials  and  having 
unprotected  vertical  openings  present  fire  conditions  which  are  very 
apt  to  be  beyond  the  control  of  fire  departments,  nb  matter  how 
efficient  or  well  equipped.  Promptness  of  discovery,  nature  of  the 
contents,  proximity  of  the  fire  to  vertical  openings,  area  of  the 
enclosure  in  which  the  fire  occurs  and  distance  above  the  street, 
all  influence  the  chances  of  control  of  fire  in  such  buildings, 

"  That  the  danger  of  the  rapid  spread  of  fire  through  unprotected 
Vertical  shafts  also  exists  to  a  very  considerable  degree  in  fireproof 
office  buildings,  i.s  evidenced  by  the  great  rapidity  with  which  sev- 
eral such  buildings  were  destroyed  in  the  San  Franciscp  conflagra- 
tion. The  buildings  to  which  reference  is  made  were  riot  subject 
to  general  conflagration* conditions." 

The  unprotected  floor  openings  in  the  Equitable  building  plajred 
the  most  prominent  part  in  the  destrlictive  fire  by  making  possible 
the  quick  spread  of  the  flames  from  the  small  rcceivinj^^^  in 
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the  iasetneot  to  all  the  vapper  Hoors.  The  use  of  a  few  fire  doors 
at  the  communications  with  the  dumb  waiter  shaft  would  have 
confined  the  fire  to  the  shaft  and  left  the  balance  of  the  building 
wtth^littk  or  no  daibage. 

2.  "The  height  of  fireproof  buildings  of  mercantile,- manufactur- 
ing or  storage  occupancy  should  .be  limited  to  correspond  to  the 
degree  of  protection  tite  building  equipmeaat  sand. the  fire  department 
is  able  to  furnish.  In  other  words«  if  adequate  fire  .protection  in 
any  building  is  not  available  above  a  certain  height,  the  building 
should  be  Hmited  to  such  height." 

The  fire  in  the  Padcer  building  furnished  an  exaellent  example 
I  bearing  on  thi^s  qo&estion.  The  Equiteible  building  fins  deoaonstratcd 
!  fully,  the.  need  of  fire  protective  devices  such  as  automatic  /sprink- 
lers, smioike^roK^f  stair  towers  'in  ccnnbinatiiim  with  stand  pipe 
equipments,  <s>ne  ormore  interior  fire  walis  and  protection  against 
exposing  building. 

3.  "  Buildings  of  large  unlirokein  floor  areas  filled  with  com- 
bustiUe  comtents  develop  tli>e  severest  fires  and  constitute  one  of 
the  most  dangerouis  sources  of  general  conflagnaticni.    'Floor  areas 

•  in  buildings  of  this  character  should  <  be' sub^vided  by  substantial 
itrick  fine  walls  .sufficient  to  form  a  positive .  barrier  to  the  spread 
of  fire." 

T^e  fire  in  the  EqwitaBe  building  demonstrated  the  faict  that  the 
above  comments  can  apply  with  equal  force  to  office  buildings; 
corridor  partitions  in  every  fireprroof  ofiioe  building  should  be 
effective  fire  stops,  utilizing  fire  doors;  any  glass  if  usttd 'in 
transoms  should  be  wired  glass. 

4.  "  Fireproof  buildings,  no  matter  how  well  designed  and  con- 
structed, do  not  prevent  the  destruction  by  fire  of  contents  in  any 
story;. and  it  is  essential  that  high  buildings  of  mercantile,  manu- 
facturing Of*  storage  occupancy  be  thoroughly  protected  by  a 
standard  equipment  of  automatic  sprinklers." 

In  the  design  of  sudb  structi*res\it  is .  important  to  consider  the 
proper  location  and  larrangcment  of  the  water  supplies,  with  special 
reference  to  tihe  size  and  sfiitable  location  of  gravity  or  pressure 
tanks  to  meet  the  requirements  of  the  Underwriters. 
'  .5.  **  Exterior  openings  in  builtiings  should  be  thojioughly  pro- 
tected against  ei^posing  fir«s.  Uniy«rsal  efficient ;  fire  protection  of 
exterior  openings  will  pr actioally  «lianiiiate  the  danger  M  coafta- 
grations  in  cities. 

"  Fires  in  buildings  containing  large  jquantities  of  combustible 
contents  generate  large  volumes  of  gas  and  flame  which  must  find 
exit  through  the  windows.  The  necessity  for  effective  window  pro- 
tection to  prevent  siach  fires  from  renottering  at  othfiv  stones  was 
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again  demonstrated  at  the  Parker  ^building;  wired  glass  windows 
in  standard  meta^  frames  are  particularly  well  adapted  for  protec- 
tion' against  ex^sure  of  this  dxaracter,  but  isfaiould  not,  alone,  be 
depended  tqton  at  points  where  tiie  exposure  from  the  eixterior  is 
severe.  '     •  •  . 

'*  Exterior  openings  in  buildings  can  be  :  effectively  protected 
against  ex^sing  fires  by  standard  fire  doors  and  ^utterj,  steel 
rolling  shutters,  •  wired  glass  in  :standard  metal  frames,  open  sprinkr 
iersg  or  combinations  of  these  devices.  Howevesr,  the  fire  fetardant 
qualities  of  these  various  devices  are  not  e%ual  and  their  selection 
for  use  should  depend^ron  the  severity  of. the  ejcposure. 

6.  "  High  bvuidings  of  mercantile,  manufacturing,  or  ^tor^e  occu- 
pancy should  be. provided  with  large,  prpp^rjy  enclosed  stairways 
in  Sufficient  number  to  afford  a  safe  exit  at  time  of  fire.  Such  build- 
ings should  also  be  provided  with  outside  iire  escape  and  stand  pipe 
equipments. 

7.  "  Buildings  of  mercantile,  manufacturing  or  storage  occupancy 
should  be  provided  with  adequate  systems  of  inside  stand  pipes 
equipped  with  linen  hose  and  nozzles  suitable  lor  fire  department 
use,  and,  in  addition,  a  smaller  linen  hose  and  nozzle  suitable  and 
safe  for  the  use  of  occupants.  These  equtpniients  should  be  acces- 
sabfc  and  in  sufficient  number  to  eflFectivcly  cover  all  portions  of  the 
building.  They  should  extend  through  all  stories  and  should  be 
supplied  firom  a  ireliablc  source  of  water  lander  adequate  pfiessure, 
in.additi<OT  to  Siamese  steamer  connections  on  the  outside  or  street 
Uvcl.  :  •    .  ' 

"  Cast  iron  columns  should  not  be  used  in  high  buiblingB,.  as  their 
faiktre  is  ustuJly  com|>lete,  and  results  in  <sudden  total  ooUa^se  of 
the  sections  ^  supported.  Gifders  and  beaans  cannbt  be  rigidly 
attached  to  ^such  columns .  and  defects  ki  the  material  cannot  be 
easily  detected. 

"  Alth(^ugh  most  of  the*  columns  ifn  the  Parker  building  were 
intact,  the  failures  noted  were  responsible  iot  the. loss  of  three  lives 
tand  serious  injury  td  ntaniy  firdmen,  the  destruction  of  large  "por- 
tions of  the  I  building  land  the  loss  of  considerate  property  in  lower 
stories  wbith  would  not  otiherwisc  have  feeen  destroyed.  In  cowtra- 
distinctioh,  (the  faiiure  of  steel  columns .  is  gradual  ami  doesnoit 
often  result  in  the  total  collapse  of  the  sections  supported.  This 
was  fully  demonstrated  in  the '  San  Francisco  oonfiagration,  where 
the  serious  deflection  of  hundreds  of  steel  columns  did  not  result 
in  the  total  collapse  of  floors,  except  in  one  or  two  instances." 

The  Equitable  buitding  fire  fully  demonstrated  tihe  failures  of 
cast  iron  columns.    There  were  three  separate  and  di^j|i;J^J1^9es 
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of  portions  of  the  floors  and  the  initial  collapse  in  each  case  was 
apparently  due  to  the  failure  of  unprotected  cast  iron  columns. 

"  It  is  ei^sential  that  all  structural  members  of  fireproof  buildings 
bcv  protected  by  a  sufficient  inass  bf  fireproofing  to  thoroughly  insu- 
late them  against  tjie  heat  which  would  be  developed  by  the  rapid 
burning  of  all  materials  permitted  in  any  story -of  such  building. 
It  is  also  essential  that  all  fireproofing  be  firmly  Anchored,  or  other- 
wise securely  held  in  position,  where  it  is  of  such  a  nature  or  so 
designed  that  it  will  become  loose  as  a  result  of  heatt  On  account 
of  their  great  importance  structurally,  columns  should  be  insulated 
by  at  least  •  four  inchfes  of  fireproofing ;  and  no  piip^s  or  conduits 
should  be  placed  in  or  back  of  the  fireproofing  material.  Oh  account 
of  the  heavy  mass  of  fireproofing  with  which  girdeirs  and  floor  beams 
are  in  contact  a  lesser  amount  of  protection  can  be  safely  employed 
at  the  soffits ;  generally  this  should  not  be  less  than  two  inches  for 
girders  and  one  and  one-half  inches  for  floor  beams.       , 

"Buildings  cf  large  area  and  buildings  in  which,  large  quantities 
of  combustible  materials  are  st;ored,  require  heavier  and  mor^  effi- 
cient fireproofing  than  buildings  of  moderate  areja  and,  those  con- 
taining limited  quantities  of  fuel  The  tendency  has  been  towards 
lightness  and  cheapness,  and  fireproofing  is  often  reduced  to  a  point 
where  unsatisfactory  results!  can  be  expected." 

There  is  always  the  possibility  of  a  quick  spf*eading  fire  even-  in 
office  buildings;  the  Equitable  bilduing  fire  was  of  sufficient  in- 
tensity to  cause  the  deflection  of  wrought-iron  beams  with  only 
their  lower  flanges  unprotiected; 

"  All  Hoor  arches  should  be  provided  with  a  large  factor  of  safety 
so  as  to  safely  carry  the  imposed  loads;  not  only  under  ordinary 
conditions,  but  when  severely  exposed  by  fire.  The  arches  in  the 
Parker  building  were  weak,  particularly  the  wider  '  spans.  Many 
collapsed  as  a  result  bf  the  impact  of  material  falling  from  the  upper 
floors,  thus;  carrying  down  the  arches  in  several  floors-  below.  In 
many  places  the  arches  were  knocked  through  by  heavy  safes  and 
machinery,  which  settled  or  fell  when  v.ood  floors  and'  Supports 
were  bui^ned.  Quite  a  number  which  had  no  heavy  loads  above 
them  collapsed  a*-  a  result  of-  fire.  The  majority  of  the  arches 
which  failed  wtre  on  the  six*foot  spans,  although  the  faiitires 
were  by  no  means  confined  to  these." 

In  the  Equitable  building  the  arch  spans  varied  from  3  to  5^  feet; 
the  terra  cotta  was  10  inches  deep  and  the  material  and  wbrk- 
manship  of  the  afches  was  apparently  very  good.'  As  a  result 
of  the  fire  scarcely  any  of  the  tile  was  cracked  pflF  the  lower 
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web  of  the  arch,  except  where  exposed  to  the  heat  of  the  burn- 
ing insulation  on  telephone  and  telegraph  wires  where  the  heat 
was  unusually  severe. 

"  Archer  of  all  forms  in  common  use  are  seriously  damaged 
when  directly  exposed  to  high  temperatures  of  long  duration.  In 
buildings  containing  large  quantities  of  combustible  material,  they 
should  be  so  de^i^ed  or  protected  against  fire  that  serious  struc- 
tural- damage  will  be  prevented." 

Damage  by  .fire  to  the  soffit  of  hollow  terra  cotta  arches  is  due 
to  the  unequal  expansion  between  the  shells  and  webs  of  the  arch 
blocks;  the  shells  receiving  v«ry  much  more  heat  than  the  webs. 

"This  is  an  inherent  weakness  and  cannot  be  remedied  by  any 
practical  increase  in  the  thickness  of  the  members."  Additional 
lower  cells  in  the  blocks  would  in  all  probability  prevent  serious 
structural  damage  -  and  permit  of  economical  repair." 

Substantial  suspended  metal  lath  aiTd  plaster  ceilings,  although 
resisting  fife  streams  poorly  after  exposure  to  fire,  afford  suflfkient 
additional  protection  to  properly  designed  floor  archies. 

"No  wood  or  other  combustible  material  should  be  employed  in 
the  construction  of  fireproof  partitions  ahd  all  metal  supports  or 
reinforcements  should  be  thoroughly  insulated  from  heat.  Fire- 
proof doors  and  wired  gla^s  itl  standard  metal  frames  should  be 
used  at  necessary  openings  In  corridor  and  room  partitions.  Pro- 
vision for  expansion  in  the  material  used  and  in  metal  su^orts 
entering  into  the  construction  of  fireproof  partitions  is  essential,  par- 
ticularly where  hollow  terra  cotta  blocks  are  employed.  All  fireproof 
partitions  should  rest  on  solid  incombustible  tnat^rial. 

"  The  unreliability  of  stair  and  elevator  ehclosures  made  of  hollow 
terra  cotta  blocks  and  of  partitions  containing  wood  supports  and 
large  openings  with  wood  doors  and  ordinary  glass  was  again 
demonstrated  by  the  Parker  building  filre. 

"In  buildings  of  fireproof  construction' all  floor  surfaces,  doors, 
window  framfes,  sash  and  other  trim  and  finish  should  be  of  incom- 
bustible material.  , 

"  The  support  of  heavy  sa,f es.  and  machinery  on  wood  floors  and 
wood  skids  in, fireproof  buildings  is  a  menace. to  both  life  and  prop- 
erty, and  should  be  absolutely  prohibited.  Heavy  shafting  should 
be  attached  to,  ceilings  in  such  a  manner  that  it  will  not  fall  as  a 
result  of  fire. 

"  Floors  are  seldom  designed  to  withstand  the  impact  resulting 
from  the  dropping,  or  overturning  pf  heavy  safes,  which  are  often 
supported  six  to  twelve  inches  above  the  floor. and  commonly  weigh 
from  three  to  six  tons.  These  loads  should  be  safely  distributed 
by  means  of  steel  framing  resting  on  non-combustible  material." 


COST  AND  DEPRECIATION  OP  ALL  FORMS 
OF  BUILDING  MATERIAL 
DEPRECIATION  OF  BUILDINGS 

The  present  values  of  buildings,  as  reduced  from  original  values 
by  depreciation,  are  more  difficult  to  determine  in  an  accurate  and 
satisfactory  manner  than  the  majority  of  problems  involved  in 
building  construction.  Frequently  this  subject  does  not  call  for 
consideration  on  the  part  of  property  owners  until  the  question 
arises  during  the  adjustment  of  fire  losses.  This  is  particularly  the 
case  respecting  properties; which  have. changed  ownership,  and  where 
different  conditions  in  the  nature  of  the  occupancy  have  transpired. 

There  are  so  many  influences  which  teni  to  bring  about  deterio- 
ration in  structural  materials,  as  well  as  structures  in  their  entirety, 
that  the  question  of  depreciation  is  more  frequently  adjusted  by 
compromise  than  by  actual  computation  based  upon  a  percentage  of 
original  value.  Frequently  the  insurable  values  have  been  incor- 
rectly calculated,  because  of  the  want  of  proper  consideration  of 
the  question  of  depreciation ;  in  fact,  the  actual-  profit  and  loss 
accodnts  of  manufacturing  interests  can  only  be  justly  determined 
by  instituting  a  building  depreciation  fund,  in  connection  with  the 
machinery  depreciation  fund.  Such  a  fund  should  be  sufficient  at 
any  time  during  the  life  of  the  business  to  offset  the  depreciation, 
so  that  the  capital  invested  in  the  provision  of  buildings  i«  aKvays 
realizable  at  the  full  amount  originally  invested  by  the  concern 
under  this  heading.  The  sum  invested  in  a  structure  should  be 
maintained  at  its  original  level,  partly  by  the  continued  existence 
of  the  structure,  which  should  stand  on  the  books  at  a  value,  depre- 
ciating year  by  yeiir,  and  partly  by  cash  invested  which  would  repre- 
sent the  depreciation  in  value.  Such  funds  should  be  accumulated 
by  means  of  a  fixed  charge  tipon  the*  business  according  to  the  work 
done  within  the  building.  As  the  depreciation  fund  is  built  up,  it 
can  readily  be  determined  Whether  the  building  has  declined  in  its 
earning  capacity  to  such  an  extent  as  to  warrant'  its  replacement. 
Consideration  of  this  subject  might  also  tend  to  show  how  the  pro- 
ducts of  a  manufacturing  concern  could  be  produced  on  more  eco- 
nomical lines  than  was  possible  in  the  older  structure.  In  behalf 
of  the  management  the  existence  of  a  depreciation  fund  overcomes 


258  Digitized  by  LjOOQIC 


Cost  ahd  Depreciation  of  Building  Material    259 

the  financial  difficulties  likely  to  accrue  in  the  question  of  modern- 
izing existing  manufacturing  conditions. 

Insurable  values  can  be  determined  in  a  more  accurate  manner 
if  a  depreciation  fund  be  maintained.  If  the  property  is  ovcr- 
insitred  there  is  a  loss  through  excessive  payments  for  insurance 
premiums,  and  whet-e  such  conditions  are  manifested  in  the  course 
of  adjustments,  the  question  of  depreciation,  if  left  unconsidered 
by  the  owner,  becomes  aggravating  and  often  retards  the  progress 
of  what  might  otherwise  prove  a  mutuallv  satisfactory  adjustment 
of  values.  There  is  an  annual  depreciation  on  buildings  of  all 
descriptions,  in  addition  to  certain  charges  for  maintenance  and 
repairs.  Opinions,  however,  vary  as  to  the  amount  of  annual  depre- 
ciation for  different  types  of  structures  as  a  whole. 

Every  property  is  more  or  less  influenced  by  conditions  pieculiar 
to  itself.  To  arrive  at  a  proper  understanding  of  depreciable  values 
it  requires  not  only  a  knowledge  of  materials  and  their  assembly, 
but  of  ^he  useful  life  of  a  building;  considering  the  purpose  for 
which  it  exists,  the  method  of  its  use  and  the  probable  length  of 
time  that  it  may  be  expected  to  be  required  for  that  particular  pur- 
pose. Many  buildings  are  especially  designed  to  turn  out  a  certain 
product,  being  provided  with  special  appliances  to  meet  the  require- 
ments of  that  product.  Such  buildings  would,  probably,  not  be 
readily  capable  of  adaptation  to  other  purposes;  and,  even  though 
substantially  constructed  of  brick,  stone  or  concrete,  it  would  be 
good  judgment  to  look  upon  them  as  falling  in  a  class  by  them- 
selves, instead  of  their  being  classified  strictly  according  to  their 
type  of  construction.  In  cases  of  this  character  it  would  be  wise 
to  consider  the  life  of  the  building  as  comparatively  short,  which 
would  naturally  mean  rather  heavy  depreciation. 

The  Home  Insurance  Company  of  New  York  has  conducted 
extensive  investigations  into  the  cost  of  building  in  various  parts 
of  the  country,  and  has  arranged  its  data  in  a  convenient  form  for 
architects  and  builders. 

In  addressing  this  to  architects  and  builders,  the  Home  Insur- 
ance Company  seeks  relation  with  the  twc  professions  that  have 
the  most  to  do  with  physical  constructions  that  make  for  its  interest. 
In  part,  it  says:  "Many  considerations  are  weighed  by  a  man  who 
sets  out  to  build  a  house;  if  a  dwelling  for  himself,  comfort  and 
beauty ;  If  a  store,  convenience  and  suitableness ;  if  a  '  factory, 
strength  and  adaptability.  But,  whatever  other  conditions  are  con- 
sidered, there  is  one  that,  first  and  last,  influences  and  'generally 
dominates  and  controls,  and  that  is  the  cost.  That  must  always  be 
counted.  Is  it  always  counted  wisely?  What  is  the  true  economy 
in  house  building?     Admitting  that  a  good  buildin^^j^©gfe  a 
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lower  insurance  rate,  is  better  for  us,  can  we  eatabli^  that  it  is 
better  for  the  owner?  If  this  can  be  done,  will  it  not  be  your 
pleasvire  and  to  your  advantage  to  advocate  a  wise  initial  outlay 
of  somewhat  larger  sums  for  buildings,  to  make  good  brick,  stone 
or  concrete  walls;  metal,  tile  or  slate  roofs;  substantial  chimneys 
from  the  ground — condemning  and  opposing  the  use  of  poor  mate- 
rials as  not  only  inferior,  but  actually,  in  the  ead,  more  expensive 
from  every  point  of  view? 

"Let  Us  assume,  for  the  sake  of  the  argument,  that  one  is  to.plan 
or  erect  a  two-story  building,  to  be  occupied  as  a  dwelling,  a  store 
or  a  factory,  to.be  35  feet  front  by  35  feet  deep,  making  an. area  of 
875  «quare  feet;  the  first  floor  to  be  flush  with  the  ground  and  the 
height  of  the  building  to  the  eaves  to  be  22  feet;  having  a  pitched 
roof  with  peak  10  feet  above  the  eaves — producing  a  roof  area  of 
about  1,120  square  fefet.  This  would  make  the  surface  of  the  four 
walls  amount^ to  about  2,890  square  feet 

"  We  have  secured  estimates  from  a  number  of  responsible 
builders  in  different  parts  of  the  country,  principally  South, 
made  as  though  for  a  prospective  customer,  for  (i)  the  waljs, 
'(2)  the  roof,  (3)  one  chimney,  and  (4)  probable  depreciation 
of  ,walls  and  roof  for  different  materials.  We  .have  made  an 
average  of  the  figures  givep  us,  and  in  this,. way  believe  that 
they  should  be  appro'ximately  correct. 


Estimated  Cost 
WALLS  (13  inches  thick): 

Stone • $t,3ot.oo 

(Estimates   are   for   rough   quarry   dressed   stone    rather 
than  fancy  cut  or  ornamental  work,) 

Brick 1,096 .  00 

Reinforced  concrete    , 838 .  00 

Wood 619.00 

ROOF: 

Tin   (painted)   [ $120.00 

Slate I30.00 

Tile dia.oo 

Shingle .,.. .  87.00 

CHIMNEYS: 

Assume  otie  chimney  adapted  for  the  entire  building.  Difference  in  cost 
for  various  types: 

Briclc, — Eight  inches  thick  from  the  ground;  three  feet  foundation,  eight 
feet  cellarway  (if  .a  cellar  exists).;  40  feet  high  above  that;  total,  51  feet. 

Cost  with  one  straight  Flue  from  ground $66.00 

Cost  with  two  straight  Flues  from  ground....  .Digi*i2ed.byC300Q  88. «o 
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Cost    of    Flue,    same    dimensions,    resting    on    second    story 

beams,  25  feet,  one  Flue ,-. $33 .00 

Cost    of    Flue,    same    dimensions,    resting    on    second    story 

beams,  25  feet,  two  Flues 46*00 

DEPRECIATION: 

Those  given  us  average  as  follows:  \ 

Per  Cent 
'  Per  Annum 

Stone  Walls  ' 1% 

Brick  Walls 1% 

Concrete  Walls 1  t-6 

Wood  Walls , a  8*io 

Tile  Roof   .• i  a-3 

Tin  Roof 4  % 

Slate  Roof t 

Shingle  Roof   8  % 

Wood  and  shingles  for  walls  and  roof  and  a  bung  chimney  have 
outset  advantages  in  cost.  That  is  why  these  types  prevail.  Are 
they,  however,  really  any  cheaper  at  the  e?id  of  twenty  years? 

A  good  chimney  resting  on  the  ground  is  essentially  a  measure 
of  safety  in  preventing  fires.  It  will,  moreover,  represent  a  slight 
saving  in  maintenance,  the  amount  of  which  can  not  be  stated 
exactly,  and  it  makes  a  material  saving  in  insurance .  rate.  For  the 
standard  type  of  construction  (built  from  ground)  there  is  a  favor- 
able difference  in  rate,  running  from  10  per  cent  upwards. 

If  stone,  brick  or  concrete  is  used  for  walls,  no  painting  is  needed. 
If  wood  is  employed,  it  should  be  painted  at  least  once  in  four  years. 
Cost  of  same,  say,  $60.  In  forty-six  years  this  alone  would  con- 
sume the  extra  cost  of  stone,  in  thirty-two  years  that  of.  brick,  and 
in  fifteen  years  that  of  reinforced  concrete. 

A  further  economy  in  brick  or  stone,  contrasted  with  wood,  is 
the  lessened  cost  of  heating.  The  ordinary  wood  house  develops 
cracks  and  openings  in  the  walls,  especially  around  the  window 
frames,  that  permit  the  escape  of  heat,  :md  the  entrance  of  cold 
and  wind,  which  make  drafty  places  that  are  uncomfortable  in  cold 
weather  and  add  to  fuel  bills.  The  writer  has  in  mind  a  frame 
house  built  some  years  ago,  which  he  planned  to  construct  with 
brick  filling.  The  contractor,  with  probably  the  best  intention, 
recommended  to  omit  this.  It  saved  a  couple  of  hundred  of  dollars, 
and  as  an  offset  to  that  economy  (?)  it  would  be  safe  to  estimate 
that  $20  worth  of  coal  extra  is  needed  annually  to  keep  the  house 
warm,  besides  which,  in  extreme  weather,  the  rooms  facirig  the 
cold  west  winds  can  not  be  made  comfortable  by  the  furnace,  no 
matter  how  hard  it  is  driven. 

In  addition  to  safety  and  preventing  loss  of  life  or  injury  by  fire, 
promoting  comfort  and  jwarmth   (with  saving  in  fuel)   in  winter. 


262 '     ;   .     Fire  Prevention  and  Protection 

and  conversely  cooler  and  more  comfortable  in  summer,  whidi  arc 

not  altogether  measurable  in  dollars  and  cents,  it  is  possible  to  make 

a  fairly  precise  and  accurate  equation  showing  the  benefit  of  a  mod- 
erate increase  in  first  cost  by  the  use  of  superior  materials  and 

methods  in  construction. 

FIRST/ AS  TO  LONGER  LIFE: 

STONE  WALLS  AND  TILE  ROOF.— Cost  per  estimate,  $1,513.00.  Annual 
"Depreciations,  1%  per  cent,  walls,  .1  2-3  per  cent.  roof.  Annual  Depre- 
ciation equals  $18.17. 

STONE  WALLS  AND  TIN  ROOF.— Cost  per  estimate,  $Jt^2i.oo.  Annual 
Depreciations,  1%  per  cent,  walls,  4%  per  cent.  roof.  Annual  Depre- 
ciation equals  $i9-S9' 

STONE  WALLS  AND  SLATE  ROOF.— Cost  per  estimate,  $1,430.00.  Annual 
Depreciations,  1%  per  cent  walls,  i  per  cent.  roof.  Annual  Depreciation 
qquals  $15.93. 

STONE  WALLS  AND  SHINGLE  ROOF.— Cost  per  estimate,  $1,388.00. 
Annual  Depreciations,  1  %  per  cent,  walls,  8^  per  cent.  roof.  Annual 
Depreiciati'on  equals  $2i.S2.  ' 

BRICK  WALLS  AND  TILE  ROOF.— Cost  per  estimate,  $1,308.00.  Annual 
Depreciations,  i^^  per  cent.  walls,yi  2-3  per  cent.  roof.  Annual  Depre- 
ciation equals  $15.86. 

BRICK  WALLS  AND  TIN  ROOF.— Cost  per  estimates,  $1,216.00.  Annual 
Depreciations,  1%  i^er  cent,  walls,  4%  per  cent.  roof.  Annual  Depre- 
ciation equals  $17.28. 

BRICK  WALLS  AND  SLATE  ROOF.— Cost  per  estimates,  $1,225.00.  An- 
nual Depreciations,  1%  per  cent,  walls,  i  per  cent.  roof.  Annual  Depre- 
ciation equals  $13.62. 

BRICK  WAI,LS  AND  SHINGLE  ROOF.— Cost  per  estimates,  $1,183.00. 
Annual  Depreciations,  1%  per  cent,  walls,  8^4  per  cent.  roof.  Annual 
Depreciation  equals  $19.51.    ' 

CONCRETE-  WALLS  AND  TILE  ROOF.— Cost  per  estimates,  $1,050.00. 
Annual  Depreciations,  i  1-6  per  cent,  walls,  i  2-3  per  cent.  roof.  Annual 
Pepreciation  equals  $13.31. 

CONCRETE  WALLS  AND  TIN  RQOF.— Cost  per  estimates,  $958.00. 
Annual  Depreciations,  i  1-6  per  cent,  walls,  4%  per  cent.  roof.  An- 
nual  Depreciation  equals   $14.73. 

C6NCRETE    WALLS    AND    SLATE    ROOF.— Cost    per    estimates,    $967.00. 
■    Annual   Depreciations,    i    1-6   per   cent,    walls,   i    per  cent.    roof.      Annual 
Depreciation  equals  $11.07. 

CONCRETE  WALLS  AND  SIIINGLt  ROOF.— Cost  per  estimates,  $925.00. 
Annual  Depreciations,  i  1-6  ijer  cent,  walls,  8%  per  cent.  roof.  An- 
nual Depreciation  equals  $16.96. 

FRAME  WALLS  AND  TILE  ROOF.—Cost  per  estimates,  $831.00.  Annual 
E)iepreciations,  2  8-10  per  cent,  walls,  i  2-3  per  cent.  roof.  Annual 
Depreciation  equals  $22.48. 

FRAME  WALLS  AND  TIN  ROOF.—Cost  per  estimates,  $739.00.  Annual 
Dei)reciations,  2  8-xo  per  cent,  walls,  4%  per  cent.  roof.  Annual 
Depreciation  equals  $22.87. 

FRAME  WALLS  AND  SLATE  ROOF.—Cost  per  estimates,  $748.00.  An- 
nual Depreciations,  2  8-10  per  cent,  walls,  i  per  cent,  roof-  Annual 
iDepreciation  equals  $18.62.      '  Digitized  by  V^OOglC 
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FRAME  walls  AND  •  SHINGLE  ROOF.— Cost  per  estimates,  $](o6Joo. 
Annual  Depjreciations,  2  8-10  per  cent,  walls,  8^4  P^i*  cept.  roof.  Annual 
Depreciation  equals  $24.51. 

In  figures  of  cost  and  in  estimating  depreciation,  no  account  is 
taken  of  interior  work  nor  of  inside,  wear  and  tpar;  th^se  figures 
relate  only  to  outside  walls  and  the  roof. 

From  the  foregoing  we  .  select  for  illustration  three  types  of 
construction : 

Cost.  .  Depreciation.  Per  Cent. 

1.  Concrete   Walls,   Tile    Roof $1*050           $13.31  equals.  i.  97-100 

2.  Brick    Walls,    Slate    Roof '.    1,225             13.62  equals  i    ii-ioo 

3.  Frame   Walls,   Shingle    Roof....      706             24.51  equals  3  47-100 

Assume  cost  of  land  ($500)  and  interior  work  ($i,5oq)  to  be 
$2,000  additional  in  each  case,  and  that  each  house  rents  for  10 
per  cent,  of  the  cost.    Result  at  end  of  twenty  years: 

1.  Concrete  Walls,  Tile  Roof.  Value  $3,050.  Rents  for  $305.00  p^r  annum. 
$305^00  X  2<^  years,  equals  $6,100. 

Charge  $13.31  x  20  equals  $266.20        Depreciation. 

Charge     30.50  x  20  equals     610.00         Taxes,  say  i  per  cent,  on  value. 

Charge     24.29  x  20  equals     485.80         Ins.  Premiums  on  $2,550,  being  average 

— — for    three    occupancies    given.      Page 

$1,362.00  259« 

From  $6,100,  twenty  years*  income,  deduct  $1*362  charges,  leaving  $4>738; 
same  divided  by  20  gives  $236.90  per  annum  and  represents  7  77-160  per 
cent,  interest. 

2.  Brick  Walls,  Slate  Roof.  Value  $3,225.  Rents  for  $322.50  per  annnm. 
$322.5.0  ^  20  years,  equals  $6,450. 

Charge  $13.62  x  20  equals  $272.40         Depreciation. 

Charge  .32.25  x  20  equals     645.00         Taxes,  say  i  per  cent,  on  value. 

Charge     25.96  x  20  equals     519.20         Ins.  Premiums  on  $2,725,  being 'average 

. .  for    three    occupancies    given.      Page 

$1,436.60  '259. 

From  $6,450,  twenty  years*  income,  deduct  $1,436.60  charges,  leaving  $5»oi3.4o; 
same  divided  by  20  gives  $250.67  per  annum  and  represents  7  77-100  per 
cent,  interest. 

3.  Wood  Walls,  Shingle  Roof.  Value  $2,706.  Rents  for  $270.60  per  annum. 
$270.60  X  20  years,  equals  $5*412. 

Charge  $24.51  x  20  equals  $490.20  Depreciation. 

Charge     27.06  x  20  equals     541.20  Taxes,  say   i   per  cent,  on  valu^. 

Charge  '  60.00  x     5  equals     300.00  For  otltside  painting  fevery  4  years. 

Charge     2o.or   x  20  equals     400.00  For  extra  cpst  of  heating. 

Charge     44.26  x  20  equals     885.20  Ins.  Premiums  on  $2,206,  being  average 

for    three    occupancies    given.      Page 

$2,616.60  259. 

From  $5,412,  twenty  years*  income,  deduct  $2,616.60  charges,  leaving  $2,795.40; 

same '  divided  by  20  gives  $139.77  Pci*  annum  and  represents  5  t6*ioo  per 

cent,  interest. 

In  a  brick,  stone  or  concrete  house  the  reduction  of  concealed 
spaces  in  the  walls  is  a  material  advantage  in  excluding  rats  and 
other  vefmiti.  Dp.iz'edbyGoOgie 
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The  insurance  cost  is  also  a  factor  of  considerable  moment  in 
determining  the  ultimate  economy  of  good  coiistrucition,  and  in 
order  to  set  this  forth  fairly  we  have  averaged  rates  for  different 
constructions  in  Southern  towns  of  first,  second  and  third-class 
fire  protection,  lalso  towns  with  no  protection,  for  the  three  main 
divisional  occupancies,  bein^  (a)  dwellings;  (b)  stores;  (c)  fac- 
tories, selecting  for  the  latter,  sixteen  classes  of  factories  common 
in  the  South.  All  of  these  rates  are  basis  figures — ^tl^at  is,  without 
any  charge  for  interior  or  prdtective  defects,  or  charge  for  exposure 
of  other  buildings.  Touching  the  exposure  charge  it  may  be  well 
to  state,  in  passing,  that  such  is  notably  less  to  brick,  stone  or 
concrete  buildings  with  metal,  tile  or  slate  roofs  than  to  frame, 
shingle  roof  buildings,  for  the  obvious  reason  that  the  former  are 
much  les^  likely  to  be  ignited  by  a  burning  building  near  by  than 
the  latter.  The  insurance  rates  given  assume  also  that  standard 
chimneys  built  from  the  ground' exist  in  the  buildings,  otherwise 
an  additional  charge  of  about  11  per  cent,  applies  to  dwelling 
rates  and  from  10  cents  to  25  cents  per  $100  insurance  in  the  case 
of  stores  and  factories.  Our  estimates  show  an  excess  cost  of  $33 
for  a  chimney  with  one  fiue,  built  from  the  ground,  over  a  hung 
flue.  In  an  ordinary  frame  dwelling  insure-d  for  $1,000  thef  differ- 
ence in  premium  would  pay  the  extra  cost  in  about  the  same  num- 
ber of  years  (33)  and  in  proportionately  less  time,  according  to 
increased  value. 

The  insurance  rate  (and  charge)  on  a  building  extends  naturally 
to  the  contents  as  well.  In  inany  instances  the  value  of  the  contents 
exceeds  the  cost  of  the  building  itself,  so  for  the  purpose  of  count- 
ing the  cost  of  poor  construction  it  is  proper  to  apply  the  insurance 
cost  to  what  is  in  the  building  as  well  a^  to  the*  building  itself. 
Therefore,  it  follows  that  a  building  justifying  a  low  insurance  rate 
is  additionally  better  for  the  builder  if  he  is  to  be  the  occujpant, 
and'  if  built  to  be  let,  the  feature  of  a  minimum  rate  will  make  it 
rent  more  readily  and  to  better  advantage. 

On  the  score  of  annual  insurance  charge  on  building  and  con- 
tents the  advantage  of  good  construction  may  be  worked  out  as 
in  the  following  illustrations  for  (a)  dwelling;  (b)  store;  (c) 
factory. 

Reverting  to  the  building  we  have  assumed,  add  $1,500  as  else- 
where for  the  value  of  interior  work  (excluding  the  land), 
whence  we  get  values  for  buildings  for  the  three  types,  as  follows : 

Concrete  Walls  and  Tile  Roof $i|OSo  plus  $1,500  equals  $2,550 

Brick  Walls  and  Slate  Roof 1*225  plus     1,500  equals     2,725 

Frame  Walls  and  Shingle  Roof 706  plus     1,500  equals     2,206 

Assume  each  type  to  be  occupied  (a)  as  dwelling,  with  furniture 
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requiring  $1,500  insurance;  (b)  as  store,  with  stock  needing  $10,000 
insurance,  and  (c)  as  factory,  with  machinery  and  other  contents 
wanting  $15,000  insurance.  From  the  tables  of  average  rates  we 
calculate  insurance  premiums  as  follows: 

TYPE  No.  I 

(Reinforced  Concrete  Walls  and  Tile  Roof) 

Rate 
Per  Cent    Premium 
DWELLING: 

Building $2,550.00     @  .49^         $13.63 

Contents 1,500.00     @  -49%  7-43 


$4,050.00  $20.05 
STORE: 

Building $2,550.00  @  .95            $24-^3 

Contents 10,000.00  @i.oi%         101.25 

/  

$12,550.00  $125-48 
FACTORY t 

Building  .*. $2,550.00  @i.4i%'       $36.01 

Contents 15,000.00  ©1.41%         211.88 


$17,550.00  $»47.89 

TYPE  No.  2 

(Brick  Walls  and  Slate  Roof) 

Rate 
Per  Cent    Premium 
DWELLING. 

Building $2,725.00     @  .49%         $»3.49 

Contents .< 1,500.00     @  .49%  7.42 


$4,225.00  $20.91 
STORE: 

Building $2,725.00  @  .95             $25.89 

Contents 10,000.00  @i.oi^         101.25 


$12,725.00  $127.14 
FACTORY: 

Building $2,725.00  ©1.41%         $38-49 

Contents 15,000.00  @i.4i%         211.88 


$17,725.00  $250.37 

TYPE  No.  3 

(Frame  Walls  and  Shingle  Roof) 

Rate 
Per  Cent    Premium 
DWELLING: 

Building $2,2G(6.oo     @  .882  $19.46 

Contents 1,500.00     @  .882  13.23 


$3.706.<^i,ed  by  L^OO^'^ 
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STORE;  I  , 

Building $2,206.00     @^.75  $60.67 

Contents 10,000.00.    @2.68%         268.75 

$12,206.00  $329.42 
FACTORY: 

Building $2,206.00  ©2.38%         $52-67 

Contents 15,000.00  ©2.38%         358.12 

$17,206.00  $410.79 

DWELLING  Premium  on 

Type  '  CostofBldg.    Bldg.  &  Cent. 

No.   I.     Concrete  Walls  and  Tile  Roof $2,550.00  $20.05 

No.  2.     Brick  Walls  and  Slate  Roof 2,725.00  20.91 

No.  3.     Frame  Walls  and  Shingle  Roof 2,206.00  32.69 

Difference  in  premium  alone  will  pay  increased  cost  of  Type  No.  i  over  Type 

No.  3   ($344.00),  in  twenty-seven  years. 
Difference  in  premium  will  pay  increased  cost  of  Type  No.  2  over  Type  No.  3 
($519.00),  in  forty-four  years.  ^ 

STORES  Premium  on 

Type  CostofBldg.    Bldg.  &  Cent. 

No.  I.     Concrete  Walls  and  Tile  Roof $2,550.00  $125.48 

No.  2.     Brick  Walls  and  Slate  Roof 2,725.00  127.14 

No.  3.     Frame  Walls  and  Shingle  Roof 2,206.00  329.42 

Difference    in    premium    will    pay    increased   cost   of   Type    No.    i    over    No.    3 

($344.00),  in  two  years. 
Difference  in  premium  will  pay  increased  cost  of  Type  No.  2  over  Type  No.   3 
($519.00),  in  three  years. 

FACTORY  Premium  on 

Type  Cost  of  Bldg.    Bldg.  &  Cont. 

No.  I.     Concrete  Walls  and  Tile  Roof $2,550.00  $247.89 

No.  2.     Brick  Walls  and  Slate  Roof 2,725.00  250.37 

No.  3.     Frame  Walls  and  Shingle  Roof 2,206.00  410*79 

Difference    in    premium    will    pay   increased   cost   of   Type    No.    i    over   No.    3 

($344.00),  in  a  trifle  over  two  years. 
Difference  in  premium  will  pay  increased  cost  of  Type  No.  2  over  Type  No.   3 
($519.00),  in  3%  years. 

We  believe  this  disproportion  between  initial  saving  and  inci- 
dental expense  later — ^permanent  and  continuous  c6st  and  actual 
loss — could  be  carried  on  and  set  forth  indefinitely.  Cheap  plaster- 
ing on  furring  strips  and  wood  lath,  with  frequent  restoration  of 
fallen  ceilings  and  blemished,  cracked  walls — wood  window  frames 
that  shrink  away  from  studding,  with  consequent  drafty  rooms — 
lath  and  plaster  partitions  (harboring  rats  and  vermin)  in  place 
of  tile.  Many  interior  features  of  inferior  material  or  construction 
exist,  the  cost  of  which  in  comfort  and  health  is  great,  but  not 
readily  quotable  in  money  value. 

These  suggestions  and  figures  plainly  indicate  that  insurance  com- 
panies are  doing  all  in  their  power  to  encourage  good  construction 
and  the  safeguarding  of  hazards,  by  making  radical  and  substantial 
reduction  in  premium  rates   for  superior  conditiop|^Q^^  submit 
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that  we  are  employing  our  best  efforts  in  that  direction.    May  we 
have  your  active  co-operation  to  the  same  end? 

Important  as  ai)  this  is  to  us,  our  interest  is  almost  trivial  com- 
pared with  that  of  your  clients.  From  every  quarter  recitals  reach 
us  of  men  and  women  either  roasted  alive  in  flimsily  built  hotels, 
theaters,  stores  and  factories,  or  crushed  on  the  ground  below  after 
jumping  from  upper  windows  to  escape  a  worse  death,  to  say 
nothing  of  the  suffering  of  horses,  cattle  and  other  dumb  creatures 
destroyed  by  thousands  in  fire-trap  buildings.  The  1915  fir&^  waste 
of  this  country  exceeded  $180,000,000.  It  is  a  safe  and  sober  state- 
ment that  half  of  this  would  be  saved  by  the  use  of  incombustible 
materials  for  walls  and  roofs,  and  by  substantial  chimneys  and  safe 
heating  arrangements.     Prevention  is  better  than  cure. 

THE  COST  OF  CONCRETE  BUILDINGS 

It  has  been  a  common  method  to  estimate  the  approximate  cost 
of  a  building  by  either  the  square  foot  of  floor  or  the  cubic  foot  of 
spsace  enclosed.  In  a  paper  published  in  The  Engineering  Record, 
Jan.  16,  1909,  Leonard  C.  Wason,  president  of  the  Aberthaw  Con- 
strucfion  Co.,  Boston,  presents  numerous  comparative  costs  obtained 
through  his  own  experience  and  states  as  his  conclusion  that  **  after 
making  this  comparison  he  is  convinced  that  neither  method  is 
accurate  enough  to  put  much  reliance  on,  but  that  the  square  foot 
metl^od  is  a  little  safer  than  the  other."  Four  of  the  tables  from 
his  paper  are  presented  herewith.  In  each  case  the  total  cost  in- 
cludes masonry  and  carpentry  work  without  interior  finish  or  deco- 
rating, plumbing  and  heating.  The  effort  has  been  made  to  put 
the  buildings  upon  a  comparative  basis  as  regards  the  amount  of 
work  done  on  each. 

The  first  table  consists  of  the  total  cost  of  actual  contracts  exe- 
cuted. The  second  table  consists  of  bona  fide  bids  on  complete 
buildings  on  which  Mr.  Wason's  company  were  not  the  lowest 
bidders,  but  where  the  difference  was  not,  as  a  rule,  very  great. 
The  third  and  fourth  tables  are  bona  fide  bids  on  work  by  another 
contractor  whose  experience  was  similar  to  that  of  Mr.  Wason's. 
As  a  rule,  cubic  foot  measurements  are  given  in  cents  only,  seldom 
being  carried  to  any  closer  subdivision.  In  reference  to  Table  4 
^  on  second  class  buildings,  it  will  be  noted  that  for  the  largest 
building  a  variation  of  one  cent  per  cubic  foot  amounts  to  over 
$28,000,  while  the  smallest  one  in  the  list  amounts  to  only  a  little 
over  $5,400.  Again,  on  the  last  three  items,  the  cubic  foot  price  is 
practically  identical,  while  the  square  foot  nicasurements  correspond* 
ing,  vary  by  more  than  100  per  cent,  with  no  easily  apparent  reason 
in  the  design.  Digitized  by  CjOOQIc 
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In  Table  3  another'  discrepancy  is  noticed.  In  the  first  and  the 
last  items,  the  highest  and  the  lowest  per  cubic  foot  as  well  as  per 
square  foot,  are  on  office  buildings  of  similar  type  which  were  within 
one  mile  of  each  other  where  theie  is  no  apparent  reason  for  such 
discrepancy  in  the  design  or  difficulty  of  access  in  the  erection  of 
the  building.  It  is  recommended  by  Mr.  Wasor^  that  very  little 
reliance  be  placed  upon  this  class  of  estimates. 


Table  i. — Cost  of  Fireproof  Completed  Contracts 


Job 
Kind  of  Building.  cost. 

Offices  and  stores $181,194 

Offices  and  stores 61,646 

Factory 12,774 

Factory 44,652 

Factory.  .  .  : 39,830 

Garage 10,436 

Filter 19,993 

Fire  station 5,757 

Observatory 3,625 

Filter 20,076 

Highest.  . 

Lowest 

Average 


Volume 

in  cu.  ft. 

1,365,830 

496,780 

112,440 

746,674 

312,000 

1^,198 

149,250 

44,265 

9,734 

59,991 


Floor 
area  in 
sq.  ft. 

90,474 
39,840 

7,519 
49,546 
24,960 
10,806 
19,208 

2,982 
657 

5»243 


/—Unit 

Per 

cu.ft. 

$0,133 
.124 
.114 
.060 
.127 
.685 
.134 
.153 
373 
.333 
.373 
.06 
.138 


cost-^ 
Per. 

sq.  ft. 
$2.00 

I.S45 
1.70 
.902 
1.60 
1,23 
1.04 
2.26 

5-45 
3.82 
3.82 
.90 
1.72 


Table  2. — Cost  of  Fireproof  Complete  Buildings 


Kind  of  Building. 


Job 
cost. 


Storehouse $141,755 

Hospital 60,800 

Office  building 61,646 

Cold  storage   200,051 

Factory/. 19,292 

Factory 141,529 

Storehouse 76,796 

Mfg.  building 9i,377 

Office 136,880 

Factory 13,064 

Factory 75,604 

Factory 23,332 

Highest 

Lowest 

Average 


Voltune 
in  cu.  ft. 
1,714,448 

703,692 

496,780 
1,535,000 

212,400 
1,327,868 
1,140,000 
1,380,500 

693,840 

105,600 
1,211,364 

180,000 


Floor 

area  in 

sq.  ft. 

168,696 

57,654 

39,840 

154,000 

15,000 

106,022 

146,000 

90,240 

56,552 

8,800 

74*604 

16,394 


Digitized  by 


r-Vnit  cost-^ 

Per      Per. 

cu.  ft.   sq.  ft. 

$0.0827  $0.84 

.0865     I. OS 

.124 

.13 

.091 

.107 

.0685 

.067 

.197 

.124 

.0625 

.129 

.197 

.0625 


1-545 
1.30 
1.28 
1.335 
.575 
1. 01 
2.42 
1.485 
1. 01 
1.42 
2.42 

.575 
le^.27 
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Table  3. — Cost  of  Fireproof  Buildings 


Kino  or  Building. 

Office  building 

Cold  storage ' 

Hospital 

Hospital. 

Bank 

Masonic 

Warehouse 

Garage ^ 

.  Warehouse i. . . 

Hotel 

Hospital 

Office 

Cold  storage 

Club 

Office 

Highest 

Lowest 

Average 

Variation,  high  and  low. 


Job 

cost 

$70,690 

132,365 
44,451 
51,574 
65,580 

180,197 
31,280 
59,105 

275,723 

220,646 

49,724 
25,151 
82,711 

43,586 

60,003 


Volume 

in  cu.  ft. 

441,000 

1,016,400 

348,320 

414,732 

533,750 

1,479,456 

259*700 

497,420 

2,597,000 

2,116,106 

485,789 

264,687 

909,240 

513,808 

501,575 


Floor 
area  in 
sq.  ft. 

35,854 

101,640 

34,832 

29,838 


24,500 

212,000 

f 

38,247 
66,745 
67,400 


^Unit 

Per 

cu.  ft. 

$0,159 
•13 
127 
124 
123 
122 
120 
118 
106 
104 
100 

095 
.b9i 

085 
.084 

159 
084 

113 
53.8% 


cost-> 
Per. 
sq.  ft. 

$L97 
1.30 

1.27 


1.30 
1.30 
1.24 

1.12 

1.97 
1.12 

1.39 
57.0% 


Table  4. — Cost  of  Mill  Construction  or  Sepond-class  Building 


Job 
Kind  of  Building.  cost. 

Mill $66,516 

Warehouse 337,ooo 

Mill 113,288 

Storehouse 101,098 


Mill. 90,703 

Mill 72,048 

Mill .-.    85,754 

Mill 122,128 

Mill 94,341 

Mill 129,405 

Highest 

Lowest 

Average 

— From  The  Engineering  Reco|4ec 


Volume 
in  cu.  ft. 

544,788 
2,808,850 
1,271,300 
1714,448 
1,622,128 
1,331,200 
1752,609 
2,641,000 
2,036,731 
2,867,535 


Floor 
area  in 
sq.  ft. 

44,172 


129,920 
168,696 
152,200 
83,200 
81,500 
98,059 
174,000 
157,730 


r-Unit  cost--> 

Per      Per. 

cu.  Tt.    sq.  ft. 

$0,122    $1.51 

.12       

.0891 

.059 


.056 

.054 
.048 
.046 
.046 

•045 
.122 

.045 
.069 


.875 

.60 

.60 

.865 

1.05 

1.25 
.542 
.82 

1.51 
.542 
•90 


GYPSUM  AS  A  FIREPROOPING  MATERIAL 

Gypsum  is  used  as  a  fireproofing  material  in  the  form  of  blocks, 
plaster  board  and  plaster  on  metal  lath.  The  results  of  considerable 
experience  on  its  application  in  these  three  forms  are  available  and 
have  recently  been  .brought  together  by  Mr.  H.  G.  Perring  in  a 
pamphlet,  which  the  National  Fire  Protection  Association  is  send- 
ing out.  Preceding  the  data  relating  to  actual  construction  with 
the  material  is  information  regarding  the  fire-resisting  qualities  of 
gypsum  from  which  the  following  notes  have  been  taken : 

Plaster  of  Paris  is  made  from  gypsum,  which  is  a  sulphate,  of 
lime;  chemically,  a  hydrous  calcium  sulphate,  the  formula  of  which 
is  expressed  as  Ca  SO4  +  2  H2O.  Interpreted,  this  formula  may  be 
expressed  as  32.5  per  cent,  by  weight  of  calcium  and  46.6  per  cent, 
sulphuric  acid  chemically  compounded  and  holding  20.g  per  cent,  of 
water  of  crystallization.  Plaster  of  Paris  is  made  by  calcining  the 
gypsum  rock  to  drive  off  part  of  the  water  of  crystallization.  This 
material  has  the  valuable  quality  of  taking  up  water  and,  by  a 
crystallizing  process,  becoming  again  converted  into  gypsum. 

Gypsum  is  a  .soft  mineral,  ranking  number  2  in  a  scale  of  10  in 
Moh's  scale  of  hardness.  It  has  a  specific  gravity  of  2.32  and  weighs 
145  lbs,  per  cubic  foot. 

Plaster  of  Paris  has  a  specific  gravity  of  1.81,  but  upon  setting 
with  water  returns  to  a  specific  gravity  of  2.32. 

Delicate  experiments  have  shown  that  plaster  in  setting  neither 
contracts  nor  expands. 

Plaster  has  been  generally  recognized  as  a  fireproofing  material 
in  Europe  for  many  years,  Mr.  Perring  states,  and  is  today  used 
almost  exclusively  for  partitions  and  to  a  great  extent  for  floors 
in  France  and  Gerniany,  v/hile  in  England  many  of  the  government 
buildings,  including  the  newer  portions  of  Windsor  Castlie,  have 
partitions  of  plaster  block.  In  America,  despite  the  prejudice  against 
plaster  fireproofing,  over  1,000  -of  the  -largp  fireproof  buildings  of 
the  country  have  been  fireproof ed  cither  wholly  or  in  part  by  plaster 
in  the  form  of  plaster  blocks,  a  large  number  having  plaster  floors. 
Metal  lath  and  plaster  for  partitions  has  been  used  to  a  great  extent, 
and  in  the  smaller  buildings  plaster  board  and  plaster. 

Mr.  Perring  discusses  at  some  length  the  various  fire  test  require- 
ments and  gives  a  list  of  fire  tests  of  gypsum  products.    In  summar- 
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izhig,  Mr.  Periing  treats  the  various  classes  of  gypsum  products 
but  only  the  results  in  two  classes  are  repeated  here.  Plaster  blocks 
in  18  tests  of  fire  and  water  for  periods  of  from  i  to  2  hours  stood 
successfully,  resisting  the  passage  of  flame,  smoke  or  water,  and 
were  stable  and  strong  after  test.  These  tests  have  shown  that 
the  effect  of  a  fire  of  2  hours'  duration  is  but  little  greater  than 
that  of  I  hour.  The  effect  of  one  hour  of  high  temperature  fire 
is  Xo  recalcine  the  block  to  a  depth  of  about  ^  in.,  while  2  hours 
will  carry  the  recalcination  to  a  depth  of  ^  inch.  The  effect  of  a 
stream  from  a  fire  hose  is  to  wash  off  this  recalcined  material.  In 
seven  tests  of  metal  lath  and  gypsum  plaster  the  effect  of  high  tem- 
perature fire  for  i  hour  was  to  recalcine  the  plaster  ad  in  the  blbcks 
to  a  depth  of  about  }i  to  %  in.  The  application,  of  water  from  a 
fire  hose  will  wash  off  this  recalcined  material  and  occasionally 
erode  the  material  sufficiently  to  expose  patches  of  the  metal. 

Few  fires  have  occurred  in  buildings  in  which  planter  has  been 
used  for  fireproofing,  but  the  following  are  cited  as  indicating  more 
than  a  laboratory  test: 

On  l^eb.  6,  1906,  at  9  o'clock  a  fire  occtirred  in  the  Engineering 
Building  in  the.  University  of  Pennsylvania,  Philadelphia.  The 
fire  spread  so  rapidly  that  a  second  alarm  was  sent  in  15  mUnutes 
after  the  start  of  the  fire.  Two  fire  alarms. brought  out  nine  engine 
companiies,  which  played  15  streams  of  hos*  on  the  fire  until  2  a.  m., 
at  which  time  the  fire  was  considered  past  the  dangerous  point, 
and  all  but  one  engine  went  home,  the  remaining  engine  playing  * 
a  stream  of  water  upon  the  smoking  embers  until  7  a.  m*,  when  the 
fire  was  pronounced  completely  out.  The  building  was  erected  in 
1892,  had  brick  *extcrior  walls  and  an  interior  construction  known 
as  mill,  or  slow-burning  construction;  that  is,  the  column  and  gird- 
ers were  of  heavy  yellow  pine  timber  and  the  floor  of  3-in.  yellow 
pine.  The  trim  of  the  rooms  was  also  of  yellow  pine;  a  structure 
well  calculated  to  burn  with  intense  heat  when  the  fire  was  well 
started.  The  partitions  were  fire-proof,  being  made  of  gypsum 
pla.ster  blocks  3-in.  thick.  Despite  the  incense  heat  and  the  many 
tons  of  water  thrown  into  the  building  the  partitions  remained 
intact  and  would  have  required  no  repairs  beyond  replastering  to 
fit  them  for  use  again.  These  partitions  prevented  the  spread  of 
the  fire  and  saved  a  considerable  portion  of  the  building  from  any 
damage  whatsoever,  preventing  the  loss  of  a  valuable  engineering 
library,  which  was  in  a  room  completely  shut  off  from  the  fire  by 
the  gypsum  tile  partitions. 

On  March  4,  1910,  a  fire  occurred  in  the.  Alwjm  Court  fireproof 
apartment  house,  New  York  City.  The  interior  columns  were  fire- 
proofed  with  2-in.  U.   S.  Gypsum   Company's  composition  plaster 
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blocks  with  an  air  space  between  blocks  and  cohimns.  -I'artitions 
were  of  3-in.  plaster  blocks  set  in  wood  frame  work  (wood  door 
"bucks").  The  hallways  were  formed  of  3-in.  composition  blocks 
with  kalamein  doors  to  apartments.  Many  of  the  rooms  contained 
an  unusual  amount  of  lumber  in  the  form  of  wood  trim,  parquet 
flooring,  side  and  ceiling  paneling  and  other  decorative  woodwork. 
The  following  extract  is  taken  from  the  report  of  the  New  York 
Board  of  Fire  Underwriters: 

"The  ninth  and  tenth  floors  in  the  duplex  apartment  were  gutted 
except  the  northerly  rooms  of  the  tenth,  which  were  badly  dam- 
aged. The  dining  room  and  reception  hall  of  west  apartment  on 
eleventh  Hoot  were  practically  gutted,  with  heavy  damage  in  kitchen 
and  moderate  damage  in  other  rooms.  In  the  west  apartment  on 
twelfth  floor  the  dining  rocwn,  reception  hall  and  living  room,  in- 
cluding saloni  were  practically  gutted;  considerable  daftiage  in 
kitchen  and  maids'  room;  only  moderate  damage  in  northerly 
rooms.  The  west  apartments  immediately  below  the  floor,  where 
the  fire  started,  had  considerable  water  on  ceilings,  walls  and  floors ; 
part  of  ceiling  plaster  had  fallen  off  in  a  few  rooms.  There  was 
no  fire  and  but  little  water  damage  in  easterly  apartments,  includ- 
ing those  above  the  eighth.  There  seems  tc  have  been  no  structural 
damage  to  the  steel  frame  or  its  fircproofing;  the  lower  flanges  of 
floor  beams  were  protected  only  by  plaster  finish,  which  fell  off  and 
exposed  the  flanges  to  consideriable  heat,  but  no  deflection  of  .beam 
is  apparent.  The  channel  shaped  steel  lintels  over  dining  room 
windows  were  softened  by  the  heat  and  deflected,  particularly  those 
on  the  twelfth  floor.  The  3-in.  plaster  Mock  partitions  are  intact, 
except  around  the  doorways,  where  they  were  supported  by  wooden 
frame  work,  which  was  entirely  burned  away  and  caused  the  blocks 
to  fall.". 

Analyzing  the  special  features  of  gypsum  plaster  in  general,  which 
make  the  material  desirable  as  fireproofing,  Mr.  Perring  draws  the 
following  conclusions: 

1.  Low  heat  conductivity  is  an  essential  point.  In  partitions  heat 
is  not  conducted  through  to  set  fire  to  furnishings  on  the  opposite 
side.  In  the  protection  of  structural  steel  work  the  steel  is  protected 
from^the  weakening  action  of  heat.  The  heat  penetrates  the  plaster 
at  such  a  slow  rate  that  in  fires  of  ordinary  duration  the  metal 
would  hardly  get  warm. 

2.  Tests  and  experiments  have  failed  to  indicate  any  appreciable 
expansion  of  plaster  under  heat  action. 

3.  Materials  of  a  nature  that  expand  under  heat  readily  contract 
when  water  is  applied  to  the  heated  surface.  This  contraction  is 
often  so  severe  as  to  cause  the  bursting  of  the  material.     Plaster 
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> 
partially  recalcines  tinder  high  heat  action  and  the  subsequent  appH^ 
cation  of  water  reriioves  this  f-ecalcined  portion,  but  generally  will 
withstand   severe  water  application,  there  being  no  indication   of 
bursting.  ,  .  , 

4.  Any  material  to  be  used  for  fireproofing  must  not  burn  or  sup- 
port combustion.     Plaster  is  incombustible. 

5.  Lightness  is  essential  in' fireproofing,*  as  the  fireproofing  at  best 
is  dead  toad  on  a  building  and  plays  no  part  in  the  support  of  the 
structu»re.     Plaster  is  the  lightest  practical  fireproofing  material. 

6.  Plaster  fireproofing  has  sufficient  strength  for  use  in  partition^ 
and  column  covering,  and  in  fires  will  stand  up  reliably  against  the 
impact  of  fire  streams. 

7.  Plaster  is  adaptable  to  any  form  of  construction.  Where  used 
ip  slabs  they  are  readily  sawed, or  cut  to. fit  any  desired  location  and 
the  use  of  the  material  in  the  plastic  state  will  cover  any  possiWe 
conditioi^ ,  of  construction. 

8.  The  desirable  fireproofing  niaterial  is  one  that  combines  all  the 
fireproofing  features  with  low  cost.     Plaster  is  low  in  cost. 

Trim  can  be  nailed  to  plaster  fireproofing  Without  the  use  of  wood 
blocks  or  grounds,  saving  the  cost  thereof  and  omitting  combustible 
material  from  the  building.  Plaster  blocks  or  boards  are  true  and 
"even  and  reduce  the  cost  of  plastering  to  a  minimum.  The  blocks 
are  made  of  pure  gypsum  and  wood  fibre. 

Changes  in  partitibns  .can  be  made  with  a  minimum  of  dirt '  and 
discomfort.  Where  a  door  is  to  be  tut  in  a  partition  a  hole  is  bored 
through  with  an  auger,  a  keyhole  saw  inserted  and  sufficient  cut 
made  to  insert  a  large  saw,  after  which  the  opening  is  neatly  cut, 
the  frame  inserted  and  the  trim  covers  the  edges  so  that  no  plas- 
tering beyond  the  pointing  up  around  the  door  buck  is  necessary, 
and  the  decorations  are  not  destroyed. 

The  blocks  should  be  laid  with  core  holes  horizontal,  with  joints 
broken  vertically.  They  should  bo  laid  in  gypsum  mortar  consist- 
ing of  one  part  gypsum  plaster  mor^af  and  three  parts  sand,.  T^e 
joints  should  not  exceed  %  in.  in  thickness. — From  The  Engineer- 
ing Record,  Dec.  3,  1910. 

The  Underwriters*  Laboratories  report  that:  Non-bearing  corri- 
dor and  room  partitions  for  fire-proof  office  buildings,  hotels,  apart- 
ments, and  buildin8:s  of  this  class,  made  of  listed  types  of  gypsum 
blocks  and  laid  with  vertical  joints  broken  in  gypsum  cement  mortar 
containing  not  to  exceed  3  parts  of  sand,  coated  on  each  side  with 
the  same  material  at  least  >/^-inch  in  thickness,  and  set  on  non- 
oombustible  foundations,  are  standard  for  corridor  and  room  par- 
titions not  exceeding  13  and  17  feet  in  height,  respectively,  for 
3  and  4-inch  thicknesses  of  block,  in  dry  locations  where  the  tem- 
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p^ratures  do  not  exceed  200  degrees  Fahr.,  but  not  for  enclosures 
tp  stairways,  elevators,  or  vertical  communications  where  full 
protection  is  required. 

TYPICAL  SPECIFICATIONS  FOR  STUCCO  ON  METAL 

LATH* 
Foreword 

The  merits  of  the  stucco  house  are  now  so  well  recognized  that 
arguments  in  its  favof  seem  to  be  trite.  It  is  assumed  that  the 
prospective  builder  and  his  architect  want  a  stucco  exterior  and 
realizing  that  when  built,  the  house  will  look  as  substantial. as  stone, 
brick  or  solid  concrete,  they  want  a  structure  that  will  age  slowly 
and  gracefully  through  decades — ^iiot  fail  perceptibly  from  year  to 
year. 

This  specification  is  offered  with  this  realization  promised  but  it 
must  be  borne  in, mind  that  poor  work  is  dear  at  any  price.  A 
faithful  observance  of  every  detail  will  give  resiilts  gratifying  to 
the  architect  and  satisfactory  to  the  owner. 

Metal  Lath  is  recommended  because  wood  lath  absorbs  moisture 
required  by  the  mortar.  Wood  lath  drys  out  and  shrinks  away 
from  the  plaster  following  which  the  alternate  shrinkage  and  swell- 
ing resulting  from  moisture  causes  unsiirhtly  •  cracks  and  finally 
failure.  Wood  lath,  also,  increases  the  fire  risk' and  it  will  harbor 
vermin. 

Metal  lath,  in  combination  with  cement  plaster  is  "reinforced 
concrete*'  and  will  insure  an  unbroken  surface, — to  be  assured  of 
which  is  at  least  an  uncertainty  when  the  plaster  is  applied  direct 
to  a  wall  set  up  in  blpck  form.  The  air  space  afforded  by  metal 
lath  construction  is  the  most  efficient  insulation. 

A  careful  following  of  this  specification  will  absolutely  give  a 
construction  economical  and  enduring. 

Framing  and  General  Construction 

■  Flimsy  con^tructioii  in  framing  is  false  economy.  The  best  will 
prove  cheapest.  The  studs  spaced  12"  between  centers  wherever 
possible,  should  be  run  entirely  from  foundation  to  the  rafters  with- 
out any  intervening  horizontal  grain  in  the  wood.  These  studs  shall 
be  tied  together  just  below  the  second  story  joists  by  a  6"  board 
which  shall  be  let  into  the  studs  on  their  inner  side,  so  as  to  be 
flush  and  securely  nailed  to  them.  This  board  will  also  act  as  a 
sill  for  the  second  story  joists,  which  in  addition  will  be  securely 
spiked  to  the  sides  of  the  studs.  At  two  points  between  the  foun- 
*  Recommended  by  Associated  l^etal  Lath  Manufacturers,  Youngstown,  Ohio. 
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dation  and  the  eaves,  brace  between  t^e  studding  with  2"xs"  bridg- 
ing placed  horizontally  but  .with  the  faces  of  the  bridging  inclined 
in  alternate  directions  in  adjacent  spaces. 


13'- 
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Defai^l  Shouting  Section  of  EA"^ertor  Wolf 

i  ..         ■  ■  '         .     ■  • 

All  roof  gutters  should  be  fifxed  and  down  spouts  put  up  befbre 
the  plastering  is  done;  the  down-spouts  should  be  temporarlfy  placed 
about  a  foot  from  the  wall  so  there  wilP  be  no  break  in  the  plaster- 
ing where  they  are  to  Be  finally  fixed. 

Wood  copings  or  rails  for  tops  of  parapets,  balustrades,  etc.,  dre 
not  so  good  as  cement  for  they  may  curl  up,  warp,  check,  crack, 
and  in  various  ways  fail  to  do  what  they  should'-r.KEBp  Water 
From  Getting  Behind  the  Plaster.  This  also  applies  to  brick 
chimneys,  which,  when  plastered,  should  have  wide  and  tigh't  <^ai)S 
of  concrete  or  stone  to  prevenf^at^r  running  behind  the  plaster. 

If  only  wood  sills  are  used,  they  should  project  well  from  the 
face  of  the  plaster  and  should  have  a  good  drip;  either  by  being 
placed  with  a  downward  slant  or  by  a  groove  rabbeted  in  the' Under 
side  of  the  sill  near  enough  to  its  edge  that  it  will  not  be  covered 
by  plaster. '  The  Drip  is  an  ^Essential  of  Good  Stucco  Construc- 
tion THAT  Can  Not  be  Slighted.  '  It  Must  be  Used  to  Prevent 
Water  Getting  Behind  the  PlAster.  "    ' 

Lath  and  plaster  should  not  be  carried  all  the  way  down  to  the 
ground;  this  same  restriction  applies  to  brick  or  stone. 

Care  should  be  taken  that  all  trim  be  placed  the  proper  distance 
from  the  studding  or  furring  to  show  its  right  projection  after  th^ 
plaster  is  on.  It  is  a  common  mistake  to,  allow  too  little,  for  the 
lath  and  plaster,  with  the  result  that  mou Idings. which;  should  »pro- 
ject  from  the  fage  of  the  wall  are  back  from  it,  or  partly, ,  buried 
under  the  plaster,  thus  miss^g  the  effj^ct  desired.  :  About  ^  5^2" 
should  be  allowed,  for  the  lath  and  plaster,  making  sure  that  the 
projection  of  the  moulding  to  show  when  finished  is  not. measured 
in  as  part  of  this  thickness.       :.  Digitized  by  C^OOgle 
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I  Furring 

Use  painted  or  galvanized  steel  rods  or  painted  or  galvanized 
crimped  furring.  One-quarter  inch  is  best  and  it  should  not  be  over 
one-half  inch  at  the  most.  This  furring  is  to  be  applied  along  the 
face  of  the  studding  with  galvanized  staples.     , 

Insulation 

After  the  lath  on  the  outside  has  been  back-plastered  the  air 
space  may  be  divided  by  applying  heavy  building  paper,  quilting, 
felt  or  some  suitable  insulating  material  between  the  studs,  fasten- 
ing it  by  nailing  wood  strips  over  folded  ends  of  the  material.  This 
insulation  should  be  so  fastened  as  to  clear  the  2"  bridging,  leav- 
ing the  preponderance  of  the  air-space  on  the  outside.  Care  must 
be  taken  to  keep  the  insulating  material  dear  of  the  outside  plaster 
and  to  make  tight  joints  against  the  wood  framing  at  the  top  and 
bottom  of  the  spaces  and  against  the  bridging  where^  the  3"  face 
intercepts. 

Comer  Bead' 

If  corner  bead  is  not  used,  there  should  be  6",  strips  of  metal 
lath  bent  around  the  corners  and  stapled  over  the  lathing  unless  the 
sheets  of  metal  lath  as  applied  are  folded  around  the  corners. 

Even  though  corner  bead  is  used,  it  is  a  good  precaution  to  bind 
the  comers  in  this  way  and  apply  the  corner  bead  over  the  strips 
of  latiL 

Lathing 

The  lath  shall  be  painted  to  protect  it  until  it  can  be  api^ied  and 
covered  with  Portland  cement  plaster.  Care  should  be  taken  not 
to  expose  the  lath  to  the  weather  while  it  is  lying  about  the  building. 

Use  metal  lath  weighing  not  less  than  3  lbs.  per  square  yard, 
spaced  at  12*!  centers  and  fastened  horizontally  over  the  furring 
strips  with  galvanized  staples  i^  x  No.  14  gauge.  The  sheets  be- 
tween furring  are  to  be  tied  with  No.  18  gauge  galvanized  wire. 

Plastering 

Portland  cement  will  protect  metal  from  corrosion  absolutely  by 
reason  of  its  moisture-resisting  qualities.  Calcined  gypsum  should 
not  be  used  in  combination  with  Portland  cement,  as  the  gypsum 
will  destroy  the  productive  quality  in  the  cement ;  neither  should  it  be 
used  as  a  substitute  for  Portland  cement  A  gypsum  plaster  may 
repel  moisture  for  a  time,  but  Portland  cement  actually  thrives  on  it. 

It  is  not  theory  only  that  Portland  cement  will  preserve  iron  or 
steel  indefinitely;  it  has  been  well  demonstrated  that  Portland 
cement  stucco  will  endure  in  any  habitable  climate.  The  first  and 
second  coats  should  be  of  good  thickness  and  the  finishing  coat 


Stucco  on  Metal  Lath  577 

should  have  with  it  a  mixture  of  waterproofing.    A  total  thickness 
of  plaster  of  about  IJ4"  is  good  practice. 

It  is  aimed  for  the  first  and  second  coats  to  get  a  Portland  oemetit 
mortar  with  as  little  lime  in  it  as  will  make  it  work  properly. 
Clean  long  winter  cattle  hair  should  be  used. 

For  the  first  and  second  coats  and  back-plastering,  mix  in  the 
following  proportions: 

Lime  Mortar.    2  barrels  of  hydrated  lime. 

I  yard  of  clean  sharp  sand  free  from  loam. 
,4  bushels  of  cattle  hair. 

Made  up  at  least  3  days  before  using. 

Cement  Mortar.    2  parts  of  clean  sharp  sand  free  from  loam. 
I  part  Portland  cement. 

Mix  fresh  in  small  batches  as  used. 

The  Lime  Mortar  and  Cement  Mortar  should  be  mixed  and  tem- 
pered separately,  measured  carefully,  equal  parts  of  each  and  mixed 
w^ell  together. 

In  plastering  over  the  face  of  the  stud,  the  plaster  should  be 
forced  well  through  the  lath  in  order  to  fill  entirely  the  space  be- 
tween the  lath  and  the  stud. 

The  back-plastering  should  be  a  heavy  coat  well  troweled  so  that 
the  lath  is  entirely  enveloped.  The  finish  coat  may  be  done  in  a 
way  to  get  any  one  of  the  many  surfaces  which  give  stucco  its 
charm;  this  coat  should  contain  no  lime  as  it  makes  the  wall  more 
porous  and  if  a  lighter  color  is  wanted  than  can  be  gotten  with 
ordinary  cement,  a  white  Portland  cement  should  be  used. 

The  waterproofing  acceptable  to  the  architect  should  be  mixed 
with  the  last  coat  of  the  exterior  according  to  directions  given  by 
the  waterproofing  manufacturer.  The  lathing  and  plastering  on  the 
inner  side  of  the  wall  need  not  differ  from  ordinary  practice. 

The  exterior  plaster  must  not  be  allowed  to  set  rapidly ;  if  neces- 
sary, hang  a  curtain  in  front  of  the  >vall,  of  burlap  or  ^ther 
material  that  can  be  kept  inoist  for  a  couple  of.  days.  Stucco 
should  never  be  applied  when  the  temperature  is  below  freezing. 

Stucco  on  Brick 

In  applying  stucco  over  brick  chimneys  a  ^"  painted  or  galvan- 
ized steel  furring  strip  not  lighter  than  22  gauge  should  be  fas- 
tened to  the  brick  at  12"  centers  with  galvanized  staples  2"  x  No.  9 
gauge  driven  into  the  mortar  joints..  The  lath  is  fastened  to  the 
furring  with  No.  18  gauge  galvanized  wire,  run  through  under  the 
furring  and  the  same  material  used  for  lacing  the  ^ds  of  the 
sheets  together  between  furring  strips.  Digitized  by  GoOglC 
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The  same  mixture  for  plaster  is  recommended  for  this  work 
as  on  the  metal  lath  on  studding.  Before  plastering,  the  brick 
should  be  well  wetted  to  prevent  its  absorbing  the  moisture  from 
the  plaster  and  the  first  coat  should  be  forced  through  thoroughly 
so  that  the  entire  space  back  of  the  lath  is  filled  with  the'  Portland 
cement  plaster  and  the  lath  enveloped. 
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ASBESTOS* 

Asbestos  is  one  of  the  most  peculiar  and  marvdous  productions 
in  organic  nature.  Called  by  mineralogists,  asbestus,  the  name  in 
its  Greek  form  signifies  unquenchable,  inextinguishable,  incon- 
sumable. 

It  has  been  called  a  "  mineralogical  vegetable/'  In  mineral6gy, 
three  minerals  are  classified  under  the  term  "  asbestos,"  namely, 
antophyllite,  amphibole  and  serpentine. 

1st.  Antophyllite,  which  is  not  used  commercially, 

2d.  Amphibole  or  hornblende  asbestos.  This  includes  various 
varieties,  among  whi<;h  are  actinolite  and  Italian  asbestos; 

3d.  .^erpentioe  asbestos,  which  has  three  fibrous  forms,  namely, 
picroUte,  soapstone  or  talc  and  chrysotile.  The  chrysotile  asbestos 
is  a  variety  found  in  the  Canadian  deposits  and  is  the  Only  variety 
which  is  of  much  economic  value. 

In  appearance  and  mineralogical  character  these  varieties  are 
somewhat  different,  while  in  chemical  composition  they  are  very 
similar.  The  amphibole  varieties  being  silicate  of  lime  and  msg^ 
nesia  and  alumina,  while  serpentine  is  a  hydrated  silicate  of  mag- 
nesia. The  following  is  about  the  average  chemical  composition 
of  the  Canadian  chrysotile  asbestos,  viz.: 

Silica    ....  I ....  k ........ : ^0% 

Magnesia     42% 

Ferrous  oxide    3% 


Alumi-na    1% 

14% 


Water 


100% 

The  chemical  analysis  is  important  in  determining  the  value  of 
an  asbestos  deposit,  because  all  fibres  capable  of  being  spun  must 
analyze  about  as  stated.  The  percentage  of  water  has  apparently 
much  to  do  with  the  strength,  silkiness  and  flexibility  of  the  fibre. 
The  Canadian  chrysotile  asbestos  always  seems  to  contain  not  less 
than  13  per  cent  of  water,  while  all  the  harsh  and  more  brittle 
fibres  of  the  other  types  of  asbestos  contain  little  water,  varying 
from  I  per  cent  to  5  per  cent  consequently,  they  are  of  little  or 
no  value.  .     . 

While  asbestos  in  one  or  other  of  its ,  varieties  has  been  found 
in  many  states  of  the  United  States,  in  Italy,  South  and  Central 
America,  China,  Japan,  Australia,'  South  Africa,  and  other  parts 
of  the  world,  none  of  these  deposits  so  far  have  proved  to  be  of 
much  economic  value,  or  are  so  located  that  they  cannot  be  worked 
profitably. 

About  80  per  cent  of  the  world's  production  of  commercial  asbes- 
tos is  being  supplied  from  the  Canadian  deposits.  Russia  is  the 
next  largest  producer  of  commercial  asbestos  to  Canada. 

The  Canadian  developed  deposits  of  asbestos  are  located  south 
of  the  St.  Lawrence  river  in  the  Eastern  Townships  of  the  Prov- 

•  Abstract  of  an  address  by  L.  R.  Hoff  before  the  Fire  Insurance  Society  of 
Philadelphia. 


^79  Digitized  by  CjOOgle 


28o  Fire  Prevention  and  Protection 

ince  of  Quebec — one  of  the  largest  being  four  miles  from  Dan- 
ville, in  the  County  of  Richmond,  on  the  line  of  the  Grand  Trunk 
Railway.  The  othera  being  situated  at  Thetford  Mines,  Black 
Lake,  Robertson  and  East  Broughton  in  the  County  of  Megantic, 
on  the  line  of  the  Quebec  Central  Railway. 

The  deposits  were  discovered  about  1877  and  the  gradual  de- 
velopment has  taken  place  since  then,  until  the  total  shipments  for 
the  year  ending  December  31,  1910,  amounted  to  &>,0oo  tons,  valued 
at  over  two  and  a  half  million  dollars. 

The  chrysotile  asbestos  found  in  these  deposits  occurs  as  a 
fibrous  silky  product,  lying  in  narrow  veins  in  a  mass  of  serpentine 
rofck.  The  veins  are  found  in  every  direction  throughout  the  entire 
mass  and  often  intersect  each  other  at  all  angles.  The  general 
tendency  of  the  veins,  however,  is  more  or  less  parallel  with  a  slight 
dip  downwards. 

The  fibres' lie  at  right  angles  to  the  walls  of  the  veins  and  vary 
in  length  from  two  and  one-half  inches  to  dne-eight  inch  or  less. 
The  asbestos  in  the  vein  has  a  marked  wavy  lustre  of  a  greenish 
tint,  but  when  the  silky  fibres  are  separated  they  are  pure  white. 

Mining. — While  generally  referred  to  as  "asbestos  mining,"  the 
Canadian  developed  deposits  are  nearly  all  worked  as  open  quar- 
ries. As  practically  the  entire  mass  of  rock  has  to  be  removed, 
quarrying  is  the  cheapest  method.  Unless  the  deposits  are  very 
rich  in  the  longest  grades  of  fibres,  underground  mining  is  too 
costly. 

The  different  quarries  vary  in  size  and  shkpe.'  Some  of  the 
larger  ones,  at  present  worked,  are  from-  1,000  to  1,5100. feet  in 
length,  with  an  approximate  average  width  of  300  to  400  feet,  and 
in  some  instances,  a  depth  of  200  feet.  So  far,  the  depths  of  these 
Canadian  deposits  have  not  been  finally  determined,  but  asbestos 
has  been  found  at  a  depth  of  400  feet.  It  is  nearly  impossible 
to  test  by  diamond  drillings,  owing  to  the  fibrou?  nature  of  the  rock. 

The  quarrying  is  usually  carried  on. by  a  series  of  benches  or 
terraces  from  the  top  to  the  bottom  of  tne  quarry.  Rock  drills, 
operated  by  compressed  air,  are  usually  used  for  drilling.  The 
depth  of  holes  drilled  range  from  eight  to  fifteen  feet,  according 
to  conditions. 

The  holes  are .  filled  with  dsmamite  and  exploded  by  electric 
batteries.  The  larger  pieces  of  sepentinc  Tock  resulting  from 
blasts  are  again  drilled  and  exploded  by  similar  process.  After  the 
rock  is  thus  broken  lip,  it  iindergoes  a  hand-sorting  process.  The 
pieces  of  rock  containing  veins  of  one-half  inch  or  more  in  length 
are  picked  out  and  the  longer  fibres  separated  by  "hand  combing." 
The  rock  containing  the  shorter  fibres  is  shovelled  into  boxes  or 
skips  to  be  sent  to  the  mills  for  mechanical  separation.  The  dead 
or  barren  rock  is  sent  to  the  dumps^ 

Sortins.-T'What  is  known  ^s  No.  i  Crude  and  No.  2  Crude  is 
hand  picked,  sorted  and  dressed.  Nq.  i  being  fibres  of  three- 
quartet  inch  and  over  in  length.  No.  2  from  five^sixteenth  inch 
to  three-quarter  inch  in  length.  The  roughly  picked  longest  veins 
from  the  pits  are  broken  down  by  hammers  and  passed,  over  screens 
in  order  to  get  rid  of  the  rock  particles  and  the  grading. as  No.  i 
and  No.  2  is  done  by  hand.  Digitized  by  GoOglC 
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The  rock  containing  the  shorter  veins  is  sent  to  the  mills  for 
automatic,  mechanical  separation,  by  passing  through  a  series  of 
crushing  rollers. 

The  problem  of  separating  or  extracting  the  fibres  from  the  rock 
by  a  mechanical  process,  without  unduly  injuring  the  fibres,  has* 
been  gradually  solved,  until  it  is  now  possible  to  get  them  free 
from  grit  and  particles  of  rock. 

The  rock  from  the  dumping  cars  is  delivered  into  ore  bins  or 
slides,  from  which  it  is  fed  into  crushers.  The  first  crushers  are 
usually  of  large  capacity,  with  feed  opening  from  24"  x  36"  to 
30"  X  is",  so  that  large  pieces  of  rock  can  be  fed  in.  From  the 
first  set  of  crushers  the  rock  passes  to  a  second  and  sometimes  a 
third  set  to  reduce  the  size.  The  serpentine  rock  usually  splits 
in  the  crushers  along  the  line  of  the  asbestos  vein.  Thus,  consid- 
erable asbestos  is  separated  from  the  rock  in  the  crushing,  but 
the  fibres  are  not  opened  up.  As  the  rock  is  frequently  wet,  it  is 
necessary  to  dry  it  before  the  fibres  can  be  opened  up  and  separated 
from  all  the  rock  particles. 

From  the  crushers,  the  rock  passes  through  driers  of  various 
description,  heated  by  hot  air,  steam,  etc. 

From  the  driers,  the  material  is  sometimes  carried  to  crushing 
rolls  or  is  passed  direct  to  some  form  of  fiberizer.  The  previous 
crushings  have  liberated  the  asbestos  veins  from  the  rock,  but 
fiberizing  machines  are  required  to  open  up  the  individual  fibres. 
The  fibres  are  separated  by  means  of  air  currents,  created  by  the 
fast  revolving  beaters  which  quickly  discharge  the  silky  fibres, 
without  injuring  them.  ^ 

The  product  coming  from  the  fiberizers  consists  of  asbestos  fibre 
and  quantities  of  pulverized  rock.  The  next  process  is  the  separa- 
tion of  the  fibres  from  the  pulverized  rock.  This  is  accomplished 
by  means  of  screens  and  suction  fans.  The  material  from  the 
fiberizers,  after  going  through  revolving  sizing  screens,  is  delivered 
to  flat  vibrating  screens,  covered  with  wire  cloth  or  perforated 
plates.  These  screens  are  vibrated  and  set  at  a  slight  angle,  the 
vibrating  movement  causing  the  fibres  to  come  to  the  top  and  the 
pulverized  rock  is  shaken  throiugh  the  meshes  of  the  screen.  When 
the  fibres  have  traveled  to  the^ower  end  of  the  screens,  they  are 
sucked  up  through  hoods  by  means  of  suction  fans,  which  deliver 
the  fibres  into  collectors,  from  which  they  pass  into  long  cylindrical 
grading  screens  which  separate  them  into  different  lengths  required 
by  the  manufacturers  and  then  bagged. ready  for  shipment.  The 
tailings  produced  in  the  milling  are  carried  away  either  by  narrow 
gauge  railroads  or  belt  conveyors. 

From  the  reports  published  by  the  Department  of  Mines  at 
Ottawa  and  Quebec  for  the  year  ending  December  31,  igio,  the 
percentages  and  values  are  about  as  follows: 

Total  rock  mined,  2,000,900  ..tons. 

Total  asbestos,  produced,  100,000  tons. 

Total  rock  milled,   1,500,000  tons. 

Percentages  of  asbestos  produced  to  tons  of  rock  mined,  5  per 
cent. 

Percentages  of  asbestos  produced  to  tons  of  rock  milled,  nearly 
7  per  cent. 

The  remarkable  qualities  of ,  asbestos  have  been  known  even 
before  the  Christian  era.     Pliny  refers  to  it  itioil^fed  works  and^it 
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was  undoubtedly  used  by  the  Greeks  for  cremation  cloths.  It  is 
also  believed  that  itom  examination  of  the  wrappings  of  mummies 
in  good  state  of  preservation,  that  asbestos  cloth  was  used  to  some 
extent  in  this  connection,  but  it  is  only  within  the  last  fifty  years 
that  it  has  been  commercially  considered  and  only  in  the  last 
twenty  years  become  such  an  important  factor  in  engineering  and 
industrial  construction. 

The  value  of  asbestos  is  graded  according  to  the  length  of  the 
fibres  and  in  exactly  the  same  ratio  are  graded  the  value  of  the 
manufactured  product.  I  do  not  mean  by  this  that  the  products 
manufactured  from  the  longest  fibres  constitute  the  greatest  bulk 
of  asbestos  commerce.  To  the  contrary,  from  the  medium  and 
short  fibres,  are  made  the  greatest  percentage  of  manufactured 
asbestos  products. 

Asbestos  Yarns  and  Cloth. — The  longest,  and  of  course  the  most 
valuable^  fibres  are  used  in  the  manufacture  of  yarns  and  cloths 
for  numeroiis  purposes.  The  fibres  are  carded  and  spun  into  yam 
in  much  the  same  manner  as  cotton  and  wool,  but  on  specially 
designed  machinery.  It  is  made  into  yarns  of  different  strengths 
and  diameters  and  twisted  into  various  plies,  according  to  the 
requirements  of  the  purposes  for  which  they  are  to  be  used. 

The  spinning  of  asbestos,  because  of  its  lack  of  the  microscopic 
barbs  found  on  wool  and  other  fibres,  has  presented  great  diffi- 
culties and  only  by  bringing  together  all  the  talent  of  textile  manu- 
facturers, has  it  been  possible  to  produce  the  splendid  product  of 
to-day. 

These  yams  are  woven  into  cloths  of  various  weights,  thick- 
nesses and  density  of  weave,  according  to  the  mechanical  pur- 
poses for  which  they  are  intended. 

They  may  be  plain  or :  asbestos-metallic.  The  former  being  com- 
posed solely  of  asbestos;  the  latter  consisting  of  asbestos  yam, 
twisted  around  the  strands  of  fine  brass  wire,  woven  into  cloth. 
The  plain  cloth  is  used  for  many  purposes,  the  more  important  of 
which  are  rod  and  valve  packings.  For  this  purpose  the  cloth  is 
coated,  or  as  technically  called,  frictioned  with  rubber  compound 
and  rolled  up  to  required  diameters  round,  or  calendered  where 
square  packing  is  required.  These  packings  are  furnished  in  coil, 
spiral  or  ring  form,  according  to  the  requirements  of  the  engineers 
and  are  thoroughly  lubricated  and  graphited,  ready  for  use  when 
supplied  to  the  trade. 

.  The  cloth  with  wire  interwoven  in  the  strands  of  asbestos  is 
frictioned  in  the  same  manner  as  in  the  case  of  the  packing  abbve 
described  and  may  be  used  flat  for  all  jointing  purposes  and  folded 
into  gaskets  for  all  sorts  of  conditions. 

By  the  way  of  digression,  asbestos  in  this  field  alone  has  made 
the  use  of  high  pressure  and  superheated  steam  a  success.  Its 
great  heat-resisting  properties  successfulljr  withstand  the  high  tem- 
peratures, without  in  any  way  affecting  its  serviceability,  whereas 
the  old  form  of  rubber,  cotton  and  flax  packings  would  soon  be 
charred  into  uselessnessl 

Asbestos  cloth,  plain  or  wire  interwoven,  preferably  the  latter, 
is  almost  generally  used  as  a  fire  barrier  in  the  proscenium  openings 
of  stages,  where  it  is  raised  or  lowered  mechanically  or  manually, 
sliding  on  wire  ropes,  run  through  rings  on  the  sides  of  the  cur- 
tains, being  raised  bodily  into  the  gridiron  above  the  stage.     A 
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theatre  curtain  properly  constructed  and  installed,  will  be  a  posi- 
tive barrier  to  the  spread  of  flames  from  the' stage  and  affords  pro- 
tection to  life  and  property. 

Use  in  Filters. — Asbestos  is  one  of  the  greatest  known  filters 
and  is  used  extensively  in  all  filtering  processes,  either  in  fibre 
or  cloth  form,  more  especially  as  a  fabric,  because  in  this  form 
it  is   more  tractable. 

Chemical'  plants  use  it  in  filtering  acid  solutions  where  organic 
fabrics  would  be  destroyed. 

It  has  made  the  many  wonderful  electrolytic  processes  possible. 
Here  it  is  used  as  diaphragms  in  the  cells  or  compartments. 

Most  of  the  large  portable  filters  of  potable  waters  are  based 
on  the  use  of  asbestos.  Water,  no  matter  how  discolored  by  dirt 
and  sediment,  can  be  made  as  clear  as  crystal  by  one  or  at  the 
most  two  filterings.  Further,  asbestos  cloth  in  one  of  the  most 
prominent  German  types  of  filters,  has  been  proved  to  greatly 
reduce  the  number  of  pathological  bacteria,  by  •  straining  them 
from  the  water  passing  through. 

Asbestos  cloth  is  made  up  into  gloves,  coats,  trousers,  leggins, 
etc.,  for  the  protection  of  workmen  in  electrical  furnaces,  blast 
furnaces,  glass  plants,  etc.  For  domestic  purposes,  into  pads  for 
protecting  table  tops  from  hot  dishes,  palm  covers  for  hot  irons, 
stove  polishers,  etc. 

Brake  Linings. — Some  three  or  four  years  ago,  it  was  discovered 
that  asbestos  possessed  unusually  high  frictional  properties  and  its 
introduction  into  the  lining  of  brakes,  had  a  great  deal  to  do  with 
the  increased  efficiency  of  automobiles,  as  well  as  stationary 
machinery,  such  as  hoists,  cranes  and  other  types  of  machinery, 
where  friction  clutches  or  brakes  are  used.  It  has  unusual  advan- 
tages over  organic  linings  as  well  as  iron,  in  that  it  withstands  the 
temperature  caused  by  the  friction,  without  disintegrating,  and  is 
immune  from  destruction  from  water  or  oil. 

The  medium  length  fibres  are  formed  by  various  processes  into 
all  forms  required  for  the  insulation  of  heated  surfaces,  such  as 
pipes,  boilers,  heaters,  air  ducts,  coilings,  flues,  stack  linings,  etc. 

Felted  Insulation. — In  this  form  the  fibres  are  felted  together  by 
natural  felting  process  with  the  addition  of  sponge  or  certain  inert 
cementitious  materials,  which  -in  thetnselves,  possess  insulating 
values  and  are  fire  proof.  These  are  used  to  give  added  mechan- 
ical'strength.  The  material  thus  felted,  is  ^oulded  into  cylindrical 
lialf  sections  for  pipes;  sheets  and  blocks  for  larger  surfaces  and 
rolls  where  a  flexible  material  is  required. 

Magnesia  Insulation. — In  this  well-known  form  of  insulation, 
asbestos  fibres  are  moulded  as  a  bond  with  carbonate  of  magnesia 
in  proportion  of  85  per  cent  magnesia  carbonate  and  15  per  cent 
fibre,  into  forms  as  above  described,  with  the  exception  of  the 
rolls.  Carbonate  of  magnesia  is  used  because  of^  its  lightness  and 
the  fact  that  like  sponge,  etc.,  in  combination  with  asbestos  fibre, 
it  produces  a  structure  with  an  infinite  number  of  dead  air  cells, 
the  basic  principle   of   all  insulation. 

Cellular  Asbestos  Insulation. — This  form  is  built  up  from  as- 
bestos felt  or  paper,  later  described.  The  felts  are  corrugated 
through  regular  corrugating  rolls  and  wound  over  a  mandrel  to 
the  required  thickness  for  pipe  covering  or  latdtiMpbyku^O^iCor 
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blocks,  fastened  together  by  means  of  fire-proof  glue,  a  silicious 
firc'proofing  material'  These  cellular  products  in  the  cylindrical 
form  for  pipe  covering,  may  be  formed  with  the  cells  running 
lengthwise  with  the  section  or  circumferentially,  the  latter  being 
the  higher  insulator,  because  each  cell  is  closed  against  the  adjoin- 
ing one,  preventing  the  free  transmission  of  air  and  the  loss  of 
heat  by  radiation. 

Other  Forms  of  Insulation. — ^There  are  other  common  forms 
of  insulating  materials  made  from  asbestos,  which  are  known  as 
ordinary  moulded  coverings  composed  of  gypsum  or  plaster  of 
paris,  bounded  together  with  fibre.  These,  however,  are  the  older 
and  more  primitive  forms  and  because  of  low  insulating  value  and 
inefficient  mechanical  strength,  when  applied  to  heated  surfaces, 
are  being  abandoned  by  the  engineering  profession. 

Where  a  material  to  be  moulded  on  the  job  is  required,  various 
forms  of  cements  in  dry  form  are  furnished.  These  cements  are 
composed  of  a*  percentage  of  asbestos  fibre  of  length  and  quality 
according  to  the  demands  of  the  trade  and  price  which  it  is  desired 
to  pay,  mixed  with  cementitious  fire-proofing  materials,  which  re- 
quire only  the  addition  of  water  and  can  be  applied  and  trowelled 
on  in  much  the  same  manner  as  Portland  cement. 

In  passing  it  might  be  interesting  to  state  that  engineering  au- 
thorities generally  concede  that  one  inch  of  high  grade  asbestos 
pipe  covering  on  150  pounds  steam  pressure  is  capable  of  saving 
approximately  85  per  cent  of  the  loss  caused  by  condensation  as 
compared  with  bare  pipes;  two  inches,  88  per  cent;  three  inches, 
90  per  cent. 

On  superheat,  it  has  been  found  that  a  covering  applied  to  the 
pipes,  consisting  of  rings  of  high  grade  insulation,  three  inches  wide 
on  eighteen  centers,  forming  a  one  inch  air  space,  over  which  are 
sup^imposed  two  layers,  each  one  inch  thick  of  regular  pipe  cov- 
ering, finished  with  a  thin  coating  of  cement,  has  an  efficiency  of 
88  per  cent  to  90  per  cent. 

Paper  Felt. — ^There  are  certain  grades  of  the  shorter  fibres  which 
are  used  in  the  manufacture  of  paper  felts.  These  fibres  are 
mixed  in  a  beater  in  very  much  the  same  way  as  wood  pulp  and 
other  fibres,  passed  over  a  standard  type  of  paper  machine  adapted 
to  the  handling  of  this  particular  fibre  and  made  into  felts  of  thick- 
nesses from  one  one-hundreths  of  an  inch  up  to  one-eighth  of  an 
inch  in  thickness.  . 

The  paper  felts  are  used  as  above  described,  in  the  manufacture 
of  cellular  asbestos  insulation  material,  fire-proof  paper  for  lining 
floors,  partitions,  etc.,  of  frame  buildings  and  in  the  manufacture 
of  asbestos  roofings.  The  short  fibres  are  also  mixed  with  certain 
cementitious  materials  and  made  into  asbestos  boards  of  various 
thicknesses  and  density,  in  practically  the  same  manner  as  card- 
board is  made,  on  what  is  known  as  a  board  or  wet  machine. 
These  card-boards  vary  in  thickness  from  one  thirty-second  of  an 
inch  to  one-half  of  an  inch  and  are  used  for  all  forms  of  fire 
proofing,  where  contained  between  other  members  in  construction 
and  no  great  mechanical  strength  is  required. 

Roofing  Material. — As  above  stated,  certain  grades  of  short 
fibres  of  asbestos  are  felted  into  paper,  that  is  afterwards  built 
up   into  asbestos  roofing.     For  this  purpose   a  specially  selected 
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superior  grade  of  shorter  fibres,  free  from  grit,  is  used;  made  on 
a  regular  paper*making  machine,  into  thin  felts,  which  are  satu- 
rated with  a  bituminous  material. 

For  this  purpose,  the  very  best  results  are  obtained  by  using  a 
natural  asphalt  with  non-volatile  oils  and  it  is  these  two  basic  ma- 
terials on  which  the  great  value  and  durability  of  asbestos  roofing 
depends. 

Asbestos,  as  is  generally  conceded,  is  not  subject  to  rot,  rust 
or  decay;  therefore,  it  possesses  all  of  the  much  desired  require- 
ments for  a  permanent  roofing  felt  and  all  that  it  needs  to  give 
it  an  indeterminate  life  without  cost  of  up-keep,  is  a  proper  water- 
proofing element.  Compounded  asphalts  combined  with  highly 
volatile  oils  while  they  may  be  used  in  the  manufacture  of  asbestos 
roofing,  do  not  make  a  satisfactory  product. 

Asbestos  fibre  is  peculiar  to  itself  in  that  unlike  wool  or  other 
fibres  used  in  roofing  felts,  it  is  non-tubular,  therefore,  it  does  not 
take  the  oil  into  the  fibre  tubes  as  in  the  case  of  organic  fibres, 
but  each  fibre  is  individually  coated  on  the  outside  and  the  mass 
so  amalgamated  that  with  the  natural  asphalt  and  non-volatile  oil, 
the  water-proofing  of  the  roofing  fabric  is  prolonged  indefinitely 
and  is  not  affected  by  the  loss  of  the  water-proofing  element  by 
capillary  attraction  or  the  oxidizing  effects  of  the  sun  and  air, 
which  is  the  case  in  the  ordinary  felt  roofings. 

Asbestos  Lumber.— Certain  grades  of  shorter  fibres  of  asbestos 
have,  of  recent  years,  been  used  very  extensively  in  combination 
with  Portland  01*  Ijydraulic  cements  in  the  manufacture  of  fire- 
proof lumber  and  roofing.  The  fire-proof  lumber  in  the  shape  of 
sheets  in  size  approximately  42"x96",  in  all  thicknesses  from  one-"^ 
eighth  of  an  inch  to  one  inch  and  the  asbestos  roofing  in  the  form 
of  shingles  of  various  shapes  and  sizes  approximating  the  thick- 
ness of  slate. 

The  most  approved  type  of  manufacturing  these  products,  and 
in  fact,  the  only  manner  in  which  the  most  durable  and  mechanically 
correct  product  of  this  nature  can  be  made,  is  by  mixing  the 
asbestos  fibre  and  the  hydraulic  cement  dry,  pressing  in  form 
presses  under  enormous  hydraulic  pressure,  saturating  with  water, 
in  order  to  give  the  proper  set  to  the  hydraulic  cement  and  re- 
pressing and  trimming  in  order  to  make  an  article  of  commercial 
value. 

The  larger  sheets  of  asbestos  lumber  have  been  largely  used  for 
lar^e  area  roof  coverings  on  steel  and  wooden  roof  structures, 
sidmg,  etc.,  proofing,  partition  work,  and  while  this  material  has 
not  as  yet  come  into  general  use,  the  enormous  economic  waste 
through  fire  loss  and  the  demand  by  the  public  for  greater  fire  pre- 
vention, coupled  with  the  increased  cost  of  ordinary  lumber,  will 
unquestionably  make  it  a  staple  fire-proofing  material,  where  the 
structural  requirements  permit. 

Asbestos  Shingles.^-The  great  fire  hazard  found  in  wooden 
shingles,  and  the  fact  of  the  scarcity  and  increased  cost  of  lumber 
from  which  these  shingles  are  produced,  and  the  weight  and  brittle- 
ness  and  other  points  of  unreliability  of  slate,  has  brought  the 
asbestos  shingle  into  marked  prominence  immediately  upon  its  being 
offered  to  the  public.  The  asbestos  shingle  is  light  in  weight, 
absolutely  fire-proof  and  indestructible.  Digitized  by  CjOOQIc 
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Neither  of  the  materials  used  in  their  makeup,  asbestos  fibre 
and  Portland  cement,  are  in  any  way  affected  by  fire,  temperature 
or  exposure  to  the  elements;  and  the  asbestos  shingles  will  last 
as  long  as  the  structure  upon  which  they  are  used.  It  is  reasonable 
to  assume  that  their  life  is  indefinite,  and  the  success  with  which 
the  sale  of  these  shingles  has  met  in  the  time  they  have  been  on 
the  market,  warrants  us  in  assuming  that  in  but  very  few  years 
to  come,  they  will  be  the  standard  roof  covering  for  all  types  of 
buildings,  where  slate  and  wooden  shingles  have  heretofore  been 
used. 

It  might  be  interesting  to  state  that  asbestos  shingles  differ  from 
slate  in  that  they  will  withstand  a  very  high  heat  such  as  may 
affect  them  from  neighboring  fires  and  while  hot,  may  be  wet  down 
with  water  without  in  any  way  injuring  them.  Slate,  of  course, 
under  these  conditions,  would  crack  and  wooden  shingles  would 
be  readily  consumed. 

Furnace  Linings. — Asbestos  fibres  are  used  as  bond  with  cer- 
tain higfi  temperature  resisting  clays  and  certain  forms  of  graphitic 
carbon,  for  the  purpose  of  forming  linings  for  stoves,  ranges, 
furnaces,  brass  melting  furnaces,  setting  up  of  fire  brick,  etc.,  and 
whereas  fire  clay  even  of  the  Very  best  quality  under  high  tem- 
peratures, will  fuse  and  become  brittle  and  lose  its  binding  quali- 
ties, these  asbestos  fire-resisting  cements,  according  to  their  various 
grades  and  ingredients,  will  withstand  temperatures  up  to  3,000 
degrees  and  somewhat  over,  without  in  any  way  being  affected, 
thus  prolonging  the  life  of  the  apparatus  with'  which  they  are 
lined  or  the  brick  construction  where  they  are  used  as  bond. 
'  These  cements  are  furnished  in  dry  form  for  mixing  with  water 
or  in  plastic  form  all  ready  for  use. 

Certain  forms  of  the  fire-resisting  cements  above  described  are 
capable  of  being  moulded  under  hydraulic  pressure  for  various 
conditions  where  high  temperatures  are  to  be  met,  such  as  carry- 
ing-in  paddles,  bottle  rests  and  many  other  articles  known  to  the 
glass   manufacturing   and   electrical   industries. 

Asbestos  in  this  form  is  especially  adapted  for  use  in  glass  manu- 
facturing in  place  of  iron,  because  the  absence  of  any  great  amount 
of  expansion  and  contraction,  as  compared  with  the  great  amount 
of  the  same  in  iron,  does  away  with  the  tendency  found  in  the 
use  of  iron  causing  considerable  breakage  in  handling  hot  glass 
articles. 

These  pieces  are  also  used  in  the  jewelry  trade  for  melting  and 
soldering  purposes.  ■   . 

Asbestos  fibres  of  different  lengths,  both  long  and  short,  are  used 
in  moulding  pieces  of  innumerable  designs  and  sizes,  where  a 
material  with  considerable  dielectric  strength,  combined  with  fire- 
resisting  qualities  is  required.  The  fibres  are  mixed  with  various 
insulating  compounds,  pressed  in  moulds  into  various  forms  to  be 
used  in  electrical  machinery  or  in  electrical  apparatus,  such  as  con- 
troller linings,  arc  deflectors,  etc.  In  this  field  alone,  asbestos  has 
gone  a  great  ways  to  assist  in  developing  electrical  apparatus  to 
its  modern  high  state  of  perfection. 

Ebonized  Asbestos  Wood. — This  consists  of  boards  made  from 
asbestos  fibre  and  magnesite  cement  in  place  of  the  hydraulic 
cement,  manufactured  and  prepared  for  market  in  exactly  the  same 
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way  as  the  regular  asbestos  lumber.  Ebonized  asbestos  wood  is 
impregnated  with  a  bituminous  compound  which  renders  it  abso- 
lutely impervious  to  moisture  and  gives  it  an  unusually  high  dielec- 
tric strength. 

It  is  especially  used  in  place  of  slate  and  marble  for  switch 
boards  and  panel  boards  and  it  has  practically  50  per  cent  greater 
dielectric  strength  than  either  slate  or  marble,  and  unlike  these 
two  materials,  it  is  not  brittle  and  easily  broken,  but  has  great 
mechanical  strength  to  withstand  the  shocks  of  transportation  and ' 
service. 

Some  of  the  largest  power  plants  in  the  states  have  equipped  their 
switchboards  throughout  with  ebonized  asbestos  wood,  with  the 
most  satisfactory  results  in  point  of  saving  in  operation,  the  orig- 
inal cost  being  but  slightly  more  than  slate  or  marble. 

Asbestos  Tape. — Asbestos  paper  in  the  form  of  ribbon  or  tape 
one  one-hundreths  of  an  inch  thick,  together  with  asbestos  yarns, 
is  used  for  the  covering  of  electric  wires  and  cables  in  connection 
with  insulating  compounds,  affording  a  high  electrical  resistance 
with  very  considerable   fire-proof   qualities. 

Thin  woven  asbestos  tape  .010  and  .015  thick,  has  in  the  last  two 
or  three  years  been  produced  for  winding  of  armatiires,  etc.,  in 
various  types ,  of  electrical  apparatus,  as  well  as  the  covering  of 
wires,  cables,  leads,  etc. 

One  very  important  development  of  asbestos  is  in  the  fire-proof 
covering  of  individual  cables  running  from  a  large  power  plant, 
where  a  blow-out  in  one  cable  would  result  in  the  destruction  of 
the  insulation  of  the  cables  next  adjoining.  Here  asbestos  roll 
fire  felt  with  c4oth  backing,  one-eighth,  of  an  inch  or  one-quarter 
of  an  inch  thick  in  strips  three  inches  wide,  is  wound  spirally 
around  each  cable,  treated  with  a  hardening  or  water-proofing 
compound  superficially,  the  purpose  being  to  prevent  the  spread  of 
flames  from  the  blow-out:  of  the  cable  to  the  destruction  of  the 
insulation  on  nearby  cables. 

Asbestos  Plaster. — The  very  lowest  grade  of  asbestos  fibre, 
especially  those  which  still  contain  a  large  percentage  of  serpentine 
rock,  has  found  a  very  large  use  in  the  manufacture  of  plaster  for 
interior  as  well  as  exterior  purposes.  There  has  been  an  unusual 
development  of  the  stucco  house  both  on  terra-cotta  blocks  and 
wire  lath  over  wood  boards  in  the  'states,  and  while  there  has  long 
been  a  desire  for  this  particularly  attractive  style  of  construction, 
it  was  never  formerly  popular,  because  the  6nly  Available  materials, 
sand  and  Portland  cement,  had  a  tendency  to  crack  and  discolor. 

Asbestos  stucco,  however,  has  overcome  these  objections  and 
thousands  of  tons  are  now  used  throughout  the  country.  In  fact, 
it  has  made  possible  a  durable  stucco  house  of  pleasing  appearance. 
It  is  mixed  with  Portland  cement  water-proofing  material,  in  proper 
quantities,  arid  applied  in  exactly  the  same  manner  as  any  Portland 
cement  mortar. 

It  has  also  entered  very  largely  into  use  for  the  interior  plastering 
of  the  largest  public  buildings,  and  is  now,  because  of  its  fire-proof 
qualities,  being ,  generally  recognized  throughout  the  large  cities  as 
a  most  desirable  addition  to  fire-proof  building  materials. 
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Concrete  without  reinforcement  is  a  composite  material,  or  arti- 
.  ficial  stone  having  the  structural  virtue ,  of  resisting  to  a  high 
degree  compression  stresses,  thus  being  generally  used  for  founda- 
tion purposes.  Concrete*  has  ho  value  in  resisting  tension  or  pulling 
stresses  unless  it  is  reinforced  or  armqfured  with  steel  introduced 
in  such  a  manner  as  to  bring  the  compressive  stresses  upon  the 
concrete  itelf  and  the  tensile  stresses  upon  the  imbedded  steel. 

Properly  designed  and  executed  there  is  no  form  of  construc- 
tion which  admits  of  greater  versatility  of  application.  There  is 
hardly  any  class  of  structure  to  which  reinforced  concrete  cannot 
be  ajpplied.  At  the  present  time  reinforced  concrete  cannot  be 
treated  by  the  general  use  of  fixed  formulas  as  standardized  in 
the  use  of  other  structural  materials  such  as  wood  and  steel. 
Although  the  various  concerns  have  formula  covering  the  appli- 
cation of  their  patented  reinforcing  materials,  there  still  remain 
problems  which  can  only  be  properly  solved  by  specialists,  and 
vrorks  of  any  magnitude  should  be  under  the  direct  supervision 
of  one  who  has  had  experience  in.  this  field  of  engineering.  The 
requirements  for  the  successful  designing  and  executing  of  rein- 
forced concrete  work  are  numerous ;  in  fact  this  field  of  engineering 
work  is  again  subdivided  into  specialties  involving  different  patented 
systems. 

The  reinforced  concrete  specialist  or  engineer  should  be  thor- 
oughly conversant  with  the  analysis  of  all  stresses  entering  into 
the  problem  in  order  to  properly  design  the  various  constructive 
members.  He  should  be  familiar  with  the  various  forms  of  patented 
systems  and  their  limitations  in  order  to  make  the  best  selection 
for  the  purpose  intended.  It  is  also  necessary  to  determine  the 
proper  selection  of  the  aggregate .  (cement,  sand  and  stone)  avail- 
able at  or  near  the  site  of  the  proposed  construction  work  as  well 
as  making  the  proper  laboratory  tests  of  the  cement,  sand  and 
stone  if  there  is  any  question  relative  to  the  merits  of  the  same 
for  the  work  intended. 

The  success  or  failure  in  reinforced  concrete  construction  is 
largely  a  matter  of  experience,  organization  and  honesty.  Care 
and  skill  must  be  present  in  every  step  in  the  design  and  execu- 
tion of  reinforced  concrete  work.     The  experimental  stage  of 
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reinforce^  concrete  construction  is  over  as  the  strains  and  stresses 
can  be  accurately  figured  and  the  most  intricate  designs  are  readily 
executed;  but  there  still  exists  certain  conditipns  in  some  forms 
and  locations  of  structural  members  where  reinforced  concrete  can- 
not economically  replace  these  forms. ... 

Limitations  of  Reinforced  Cdncrete. — In  the  application  of 
reinforced  concrete  thfe  design  of  structures  must  be  positively 
determined,  together  with,  the  arrangement  of  stairways,  elevators, 
pipe  shafts,  etc.,  as  well  as  the  location  of  machinery.  Changes 
are  seldom  practical  when  the  work  i$  und^r  way.  It  is  expensive 
and  difficult  to  cut  out  floor  openings  for  pipes,  etc.  '  The  appli- 
cation of  reinforced  concrete  for  light  floor  loads  such  as  100  to 
125  pounds  per  square  foot  involves  relatively  high  costs  over  plank 
and  timber  or  steel  construction.  <  Rjeinforced  concrete  is  heavier 
than  steel  work  for  supporting  the  same  leads,  hence  a  high  per- 
centage of  dead  to  live  loads. 

Desirable  Features. — ^Fire. resisting  qualities,  low  insurance  rates, 
freedom  from  vibration  and  repairs,  durability,  increasing  with  age, 
solidity  and  lack  of  joints,  sanitary  value,  good  foundations  for 
delicate  machinery,  or  where  such,  -machinery  must  be  kept  in 
alignment;  water  tight  floors  readily  arranged,  large  window  areas 
available,  owing  ta  econornical  column  and  pier  construction; 
freedom  from  decay  by  infection  of  moisture,  low  competitive  costs 
with  timber — when  used  for  heavy  floor  loads; as  above  aoo  pounds 
per  square  foot,Tr-conducive  to  cleanliness,  no  harbors  for  vermin, 
versatility  of  application,  suitability  for  heavy  floor  loads,  powerful 
resistance  to  disintegration-  by  sudden  cooling,  and  ability  to  sustain 
shock  or  impact.  As  Portland  cement  concrete  and  steel  are  acted 
upon  by  temperature  to  precisely  a  siriiilar  degree,  expanding  and 
contracting  in  a  similar  thanner,  the  assembling  of  these  materials 
in  ^proper  combination  enables  reinforced  concrete  to  rank  as  one 
of  the  most  important  of  structural  materials. 

Design,— ;-The  working  compressive  strength  of  concrete  is  about 
500  pounds  per  square  inch;  its  working  tensile  strength  is  about 
50  pounds,  which  is  g€inerally  disregarde4  in  design.  The  ratio 
of  modulus  of  elasticity  of  concrete  to  that  of  steel  is  i  to  15 
or  for  the  same  amount  of  compression  a  given  area  of  steel  will 
take  15  times  as  much  load  as  the  same  area  of.  concrete.  Steel 
will  take  300  times  as  much  tension  as  concrete. 

The  safe  combination  of  concrete  and  .^jteel  i^eqijires  a  thorough 
knowledge  of  all  the  principles  of  mechanics  with  the  theories 
involved.  As  the  action  of  the  various  stresses  even  in  a  simple 
beam  are  complex,  it  is  nece^5ary  tQ  dcjterminejitj^sS)! Mw^'Pgteh 
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of  the  load  the  concrete  or  steel  is  to  carry  as  well  as  the  proper 
distribution  of  the  steel  to  take  'up  every  tensile  strain  which  may 
occur  in  any  part  of  the  beam.  In  a  beam  supported  at  both  ends 
the  tension  or  pull  is  in  the  bottom  arid  the  reinforcing  steel 
must  be  as  near  the  bottom  as  is  consistent  with  rust  and  fire 
protection.  ..If  such  a  beam  is  built  into  a  column  or  into  another 
beam,  a  load  upon  it  will  produce  ^  tensije  strain  at  the  top  of 
the.beani  over  its  supports  which  will  tend  to  crack  it  there,  and 
in  addition  there  are  secondary  stresses  in  the  interior  of  the  beam; 
partly  shear  or  tendency  to  slide  and  partly  tension  or  pulling. 
All  such  stresses  must  be  taken  up  by  the  reinforcing  metal  which 
must  be  properly  calculated  and  placed  in  the  correct  position^ 

I  i  Materi«ils 

Cement. — In  reinforced  concrete,  Portland  cement  is  the  only 
safe  material  to  use,  and  only  such  cement  should  be  approved 
as  meets  the  tests  specified  by  the  American  Society  for  Testing 
Materials  and  the  rules  adopted  by  the  American  Society  of  Civil 
Engineers.  Portland  cement  is  much  stronger  than  natural  cemept, 
more  reliable  and  hardens  more  rapidly. 

The  average  chemical '  analysis  of  Portland  cement  is  as  follows : 
Carbonate  of  lime  62%,  silica  22%,  •  alumina  8%,  oxide  of  iron 
3%,  magnesia  2%,  sulphuric  acid  i'^%\  It  is  advisable  to  select 
only  such  brands  of  cement  as  bear  a  good  reputation,  and  as  a 
further  safeguard,  samples  should  be  tike'n  from  every  fortieth 
sack  in  bulk  shipments. 

Sand. — The  strongest  mortar  is  ipade  with  sand  passing  a 
No.  20  sieve  and  resting  on  a  No.  30  sieve.  Sand  of  proper  grade 
and  quality  is  just  as  necessary  as  the  proper  cement  in  order  to 
obtain  the  best  results.  It  is  advisable  to  test  the  various  sands 
to  find  which  one  has  the  greatest  compa,ctness. 

Silicians  and  calcareous  varieties  of  sand  are  the  best.  Bank 
pit  sand  is  preferable  to  shore  sand  as"  it  has  sharper  edges  which 
make  a  better  bond  with  the  cement  than  the  smooth  round  grains 
of  shore  sand.  A  mixture  of  varying  size  grains  of  sand  yields 
a  stronger  mortar'  than  sand  of  uniform  grain,  whether  coarse  or 
fine.  Mortar  with  fine  sand  requires  twice  the  quantity  of  cement 
to  obtain  a  given  strength  as  when  coarse  sand  is  used.  Coarse 
sand  even  to  the  finer  gravels  are  used  bv  the  best  concrete  engi- 
neers. Argillaceous  sSlnd  should  not  be  used;  the  presence  of 
organic  matter  and  other  impurities  is  detrimental  to  any  sand  for 
structural  purposes.  . 

The  ideal  or  dense  mixture  is  where  alFfhr^if)2te^%tween  the 
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stone  or  gravel  are  filled  with   sand  and  all  the  spaces  between 
the  different  particles  of  sand  are  filled  with  cement. 

The  amount  of  cement  and  sand  to  make  a  unit  volume  of  mortar 
should  be  determined.  Mortar  dropped  from  a  trowel  should  leave 
it  perfectly  clear.  It  should  be  readily  ri«.»ulded  into  a  ball  and  if 
dropped  20  inches  should  retain  its  rounded  shape  without  cracking. 

Gravel. — Gravel  is  equal  to  trap  rock  for  strength,  but  as  it 
spalls  oflf  under  intense  heat  should  be  preferably  used  in  fourida' 
tions  where  it  would  not  be  affected  by  fire.  The  gravel  should 
be  absolutely  clean  and  well  screened. 

Stone. — Stone  should  pass  a  ^  inch  ring  for  all  work  above 
foundations  and  not  over  a  ij/^  inch  ring  for  foundation  work. 
Only  such  hard  durable  rock  as  trap,  limestone,  or  granite  should 
be  used.  While  sandstone  rnakes  a  good  concrete,  the  strength  is 
variable  and  it  should  only  be  used  in  connection  with  the  lowest 
strength  shown  by  testing.  The  stone  should  be  free  of  dust  and 
deleterious  matter. 

Water. — The  water  used  in  mixing  concrete  should  be  free  from 
acids  or  strong  alkalies. 

Steel. — When  the  elastic  limit  of  the  reinforcing  metal  is  passed, 
'providing  all  other  stresses  are  proportionately  taken  care  of,  the 
concrete  beam  fails; — ^^for  conservative  practice  a  tensile  strength 
of  60,000  pounds ;  an  elastic  limit  of  f ronp  30,000  to  40,000  pounds ; 
an  elongation  of  2%  in  8  inches,  and  bending  cold  180  degrees 
without  fracture,  are  considered  fair  requireriients  of  steel.  .       ,, 

The  various  patented  bars  have  elastic  limits  from  30,000.  to 
60,000  pounds,  and  ultimate  streny^th  from  60,000  to  100,000  pounds. 

Ordinary  working  stresses  range  from  15,000  to  22,000  pounds  per 
square  inch  in  tension,  and  from  10,000  to  12,000  pounds  for  shear. 

The  cross  bands,  distributiqn  of  stresses  and  of  the  reinforcing  . 
metal  itself  varies  in  accordance  with  the  type  of  system  used. 
The  best  engineers  figure  plain  round  rods  should  not  be  used 
when  the  fibre  stress  exceeds  10,000  pounds  per  square  inch,  as 
there  is  danger  from  the  adhesion  being  destroyed  by  the  rods 
slipping.  Square  bars  should  not  be  used  where  the  fibre  stress  is 
over  12,000  pounds. 

Medium  steel  having  a  high  elastic  limit  is  favored  by  many 
engineers,  as  the  elastic  limit  of  the  steel  governs  the  steel  stresses 
used  in  the  design  of  reinforced  concrete. 

Medium  steel  deformed  cold  increases  the  elastic  limit  and  ulti- 
mate strength.  At  the  same  time  the  initial  qualities  of  the  steel 
are  preserved  without  the  steel  becoming  brittle.  . 

While   high   carbon   steel   has   a  much   higher   yield  poin{   ffiin 


292 


Fire  Prevention  and  Protection 


mild  steel,  brittlencss  should  be  considered,  and  only  well  melted 
and  rolled  steel  free  from  impurities,  such  as  phosphorus,  should 
be  usedi  If  a  good  grade  of  high  carbon  steel,  where  the  carbon 
ranges  from  .45  to  .60%,  is  used  in  reinforced  concrete  work  the 
daAgerirom  shock  is  remote,  but  to  insure  such  safety  rigid 
specifications  should  be  followed. 

Proportions  of  Materials. — In  building  construction,  the  gen- 
eral rule  for  proportioning  the  materials  is  as  follows:  i  part 
cement,  2  parts  sand,  4  parts  broken  stone  or  gravel,  or  what  is 
known  as  a  1:2 14  mixture. 

Concrete  for  reinforced  footings  is  often  made  of  a  mixture  of 
I  part  cement,  2%  part  sand  to  5  parts  broken  stone  or  gravel. 
Concrete  for  foundations  which  do  not  require  reinforcement  and 
sustain  direct  compression  is  often  made  of  i  part  cement,  3  parts 
$and  to  6  parts  broken  stone  or  gravel. 

The  richer  the  mixture,  the  greater  the  compressive  strength. 
The  greater  the  impermeability,  the  greater  the  change  in  volume. 

Ultimate  Compressive  Strength  and  Fibre  Stresses  of  Different 

Concretes 


Material 

Mixture 

Ultimate  Strength 

Fibre  Stress 

Factor 
of 

Safety 

Trap  rock ] 

1-2-4 
1-^5 

1*2-4 
1-3-5 

2,500  Ibe.-S.OOO  lbs. 
1.800  lbs.-2,000  lbs. 

1,400  lbs.-l,800  lbs. 
1,100  Ibs.-1,500  lbs. 

625  lb8.-760  lbs. 
450  lbs.-500  lbs. 

280  Ibs.-360  lbs. 
220  lbs. -300  lbs. 

I 

Granite 1 

Gravel f 

Limestone j 

Sandstone | 

3 

4 

5 

5 

See  also  abstract  from  the   National  /Board   Building   Code, 
given  hereinafter  on  page  327. 
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NATIONAL  BOARD   BUILDING  CODE 

The  following  definitions  and  specifications  are  taken  from  the 
Model  Building  Code  prepared  by  the  National  Board  of  Fire. 
Underwriters ;  the  same  section  numbers  have  been  retained  as  in 
the  code  and  where  reference  is  made  to  a  section,  it  will,  be  found 
herein,  either  under  this  general  heading,  pages  293  to  i349,  or 
under  the  chapter  on  Fire  Protection  for  People  in  Buildings, 
pages  465  and  483.  All  illustrations  and  diagrams  are  repro-- 
duced  from  the  original  cuts  by  permission  of  the  National 
Board. 

Definitions 

Area  WAY. — ^An  open  sub-surface  space  adjacent  to  a  building  for  lighting 
or    ventilating   cellars   or   basements. 

Area  of  a  Building. — The  area  of  the  horizontal  cross-Sectibh  at  the 
ground  level  measured  to  the  center  of  party  walls  or  fire  Walls,  and  to'  the 
outside  of  other  walls. 

Basement. — ^A  story  partly  but  not  more  than  one-half  "below  the  level  of 
the  curb. 

Bearing  Wall. — A  wall  which  supports  any  load  other  than  its  own  weight. 

Bulkhead  or  Pent  House. — ^A  structure  erected  on  the  roof  of  a  building 
for  the  purpose  of  enclosing  stairways  to  the  roof,  elevitor  machinery,  watef 
tanks,  ventilating  apparatus,  exhaust  chambers  or  other  building  equipnieni 
machinery  and  for  janitor's  quarters.  When  used  only  for  the  above  men- 
tioned purposes,  such  structures  need  not  be  considered  in  determining  the 
height  of  the  building. 

Cellar. — A  story  whose  height  is  more  than  one-half  below  the  level  of 
the  curb.  It  shall  not  be  counted  as  a  story  in  determining  the  height  of 
a  building. 

Cement  Plaster. — A  plaster  composed  of  one  part  Portland  cement,  not 
more  than  three  parts  sand,  and  not  more  than  10  per  cent  by  volume  of 
hydrated    lime,    with    hair    or   other   binder    when   necessary. 

^Cement-tempered  Plaster. — ^A  lime  or  gypsum  plaster  tempered  with  not 
less   than   20   per   cent   of   Portland   cement. 

Curtain  Wall. — Any  exterior  non-bearing  wall  between  columns  of  piers, 
which  is  not  supported  by  beams  or  girders  at  each  story. 

Dead  Load. — The  weight  of  the  walls,  framing,  floors,  roofs,  tanks  with 
their  contents,   and  all  permanent  construction. 

Division  Wall. — ^Any  interior  wall  in  a  building. 

Dwelling. — A  residence  building,  designed  for,  or  used  as,  the  home  or 
residence  of  not  more  than  two  separate  and  distinct   families. 

Enclosure  Wall.— See  Panel  Wall. 

Exterior  Wall. — ^Any  outside  wall,  or  vertical  enclosure  of  a  building, 
other  than   a  party  wall. 

Factory. — A  building  or  portion  thereof,  designed  or  used  to  manufacture 
or  assemble  goods,  wares,  or  merchandise,  the  work  beinj^  performed  wholly, 
or  principally  by  machinery. 
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Fibre  Plaster  Board. — A  board  consisting  of  an  intimate  mixture  of 
gypsum  plaster  composition  and  a  fibrous  binding  material. 

Fire  Door. — ^A  door,  frame,  and  sill  which  will  successfully .  resist  a  fire 
for  one  hour  in  accordance  with  test  specifications,  and  has  been  approved 
upon   such    test^ 

Fire  Exit  Partition. — A  sub-dividing  partition  built  for  the  purpose  of 
protecting  life  by  providing  an  area  of  refuge. 

Fireproof. — Refers  to  materials  or  construction  not  combustible  in  the 
teinperatures  Of  ordinary  fires,  and  which  will  withstand  such  fires  without 
serious   impairment  of  their  usefulness   for  at  least  one  hour. 

NoTE.-^It  is  recognised  that  the  term  "  fireproof  "  is  misleading  and  should 
he  abandoned  for  the  more  correct  term  "fire-resistive;**  but  until  the  latter 
term  has  been  authoritatively  defined  in  a  manner  expressive  of  its  elastic 
interpretation,  it  seems  advisable  to  continue  th^  use  of  the  more  common 
though  objectionable  word. 

Fire  Shutter. — A  shutter  which  will  successfully  -  resist  a  fire  for  one 
hour  in  accordance  with  test  specifications,  and  has  been  approved  upon 
such  test. 

Fire  Wall. — A  walj  built  for  the  purpose  of  restricting  the  area  subject 
tq  the   spread  of   fire. 

Fire  Window. — ^A  window  frame,  sash,  and  glazing  which  will  successfully 
resist  a  fire  for  one  hour  in  accordance  with  test  specifications,  and  has 
been  approved  upon  such  test.  .  No  single  pane  in  a  fire  window  shall  exceed 
720   square  inches. 

Foundation  Wall. — ^Any  wall  or  pier  built  below  the  curt)  level  or  nearest 
tier  of  beams  to  that  level. 

Gypsum  Block. — The  term  "  gypsum  block  '*  shall  include  tile  or  blocks 
composed  of  gypsum  and  not  to  exceed.  5  per  cent  by  weight  of  combustible 
fibre  binding  material;  or  a  mixture  of  crushed  cinders  and  gypsum,  com- 
monly called   "  cinder-plaster  blocks.** 

Height  of  a  Building. — The  vertical  distance  from  the  curb  level  to  the 
top  of  the  highest  point  of  the  roof  beams  in  the  case  of  flat  roofs,  or  to 
the  average  height  of  the  gable  Mn  the  case  of  roofs  having  a  pitch  of  more 
than  20  degrees  with  a  horizontal  plane.  When  a  building  faces  two  or 
more  streets  having  different  grades,  the  measurement  shall  be  taken  at  the 
middle  of  a  facade  on  the  street  having  the  greatest  grade.  When  a  building 
does  not  adjoin  the  street,  the  measurement  shall  be  taken  from  the  average 
level  of  the  ground  adjoining  such  building.  In  measuring  the  height  of  a 
wall,  the  height  of  the  parapet  above  the  top  of  the  roof  beams  shall  not 
be  included. 

Hotel. — Any  building  or  portion  thereof,  designed  or  used  for  supplying 
food  or  shelter  to  residents  or  guests,  and  containing  more  than  fifteen 
sleeping  rooms   above   the   first   story. 

.  Incoj^ibustible. — Materials  or  construction   which  will   not  ignite  and   burn 
when  subjected  to  fire. 

Length   of   a    Building. — Its   greatest   horizontal   dimension. 

Live  Load. — All  loads  other  than  dead  loads.  All  partitions  which  arc 
subject  to  removal  or  rearrangement  shall  be   considered  as  live  load. 

Non-bearing  Wall. — One  which  supports  no  load  other  than  its  own 
weight. 

Office  Building. — One  used  for  professional  or  clerical  purposes,  but 
not  for  manufacturing,  storage,  or  sale  of  goods  except  by  sample;  also 
excepting  the  first  story  which  may  be  used  for  commercial  purposes.  No 
part  of  such  building  shall  be  used  for  living  purposes  except  by  the  janitor's 
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Outhouses.— All  structures  not  exceeding  8  feet  io  beightj  nor  «nor«  than 
150  square  feet  in  area,  exclusive  of  sheds. 

Panel  or  Enclosure  Wall. — An  exterior  non-bearing  wall  in  a  skeletoo 
structure  built  between  columns  or  piers  and  supported  at  each  stpry* 

Parapet  Wall. — That  portion  of  any  wall  which  extends  above  the  ,i:oof 
line  and  bears  no  load  except  as  it  may  serve  to  support  a  tank. 

Party  Wall. — A  wall  used  or  adapted  for  joint  acrvice  between  two 
buildings. 

Public  Haixway. — ^A  hall«  corridor  or  passageway  used  in  common  by 
the  occupants  of  a  building  and  serving  as  a  means  of  Qommunication  for 
the  public  between  an  entrance  to  any  story  of  a  building,  and  the  various 
rooms,   apartments  or .  spaces   in   that   story. 

^STAINING  Wavl. — One  constructed  to  support  a  body  of  earth  or  to  .resist 
lateral  thrust. 

Shed. — ^A  roofed  structure,  open  on  one  or  more  sides,  which  does  not 
exceed   15   feet  in  height  nor  more   than   500  square   feet   in  area. 

Skeleton  Construction. — A  form  of  building  construction  wherein  all 
external  apd  internal  loads  and  stresses  are  transmitted  to  the  foundations 
by  a  rigidly  connected  framework  of  metal  or  reinforced  concrete.  The 
enclosing   walls   are   supported   by   girders   at   each   story. 

Skyliqht. — ^Any  cover  or  enclosure  placed  above  roof  openings  for  the 
admission  of  light. 

Story. — That  part  of  any  building  comprised  between,  any  floor  and  the 
floor  or  roof  next  above.  In  case  any  floor  or  the  combined  area  of  floors 
at  any  one  level  extends  over  less  than  20  per  cent  of  the  horizontal  area 
included  within  the  outside,  walls  at  that  level,  the  same  shall  not  be  con- 
sidered as  a  floor  for  the  purpose  of  determining  story  heights. 

Structure. — Includes  the  terms  building,  appurtenance,  wall,  platform, 
staging,  or  flooring  used  for  standing  or  seating  purposes;  a  shed,  fence, 
sign,  or  billboard  on  public  or  private  property,  or ,  on,  above  or  )>elow  a 
public  highway. 

Warehouse— A  building  or  portion  thereof,  designed  .  or  used  for  the 
storage,  of   goods,    wares,   and  merchandise. 

Width  of  a  Building. — The  horizontal  dimension  next  in  value  to  the 
length. 

Wired  Gi^ss. — Glas^  not  less  than  %  inch  thick  enplosing  a.  layer  of 
wire  fabric  reinforcement  having  a  mesh  not  larger  than,  %  inch,  and  the 
size  of   wire'  not  smaller  than   No.    24    B.   a^id   S.   gauge. 

Workshop. — A  building  or  room  in  which  articles  of  merchandise  are 
manufactured    or    repaired    wholly    or    principally    by    hand. 

Classification  of  Buildings 

I'RAME  C6nstruction. — A  building  having  the  exterior  walls  or-  portions 
thereof  of  wood;  also  a  building  with  wooden  framework  veneered  with  brick, 
stone,  terra  cotta,  or  concrete;  or  covered  with  plaster,  stucco,  pr  sheet 
metal,  shall  be  classed  as. a  frame  building. 

Non-Fireproof  Construction. — The  term  "  Non-Fireproof  Construction  '* 
shall  apply  to  all  buildings  or  structures  having  exterior  masonry  walls  with 
floors   and   other,  Interior  construction   wholly  or .  i|i  part  o£  i^ood. 

(a)  Ordinary  Construction. — A.  building  having  masonry  walls,  with  floors 
and  partitions  of  wooden  joist  ai:^d  stud  construction.  The  supporting  posts 
and    girders   may   be   of   wood,   or  of   metal   protected. 

(b)  Mill  Construction. —  (Sometimes  called  "  Slow-burning  Construction.") 
A    building    having    masonry    walls,    and    heavy    timber    interim-    construction. 
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FiR£i>K0OF  Construction. — Buildings  of  masonry,  steel,  or  reinforced  con- 
crete construction  in  accordance  with  Sections  110  to  173,  shall  be  considered 
fireproof.  j 

Class  A. — Armories,  Asylums,  Bath  Houses  (with  sleeping  accommodations 
othdr  than  those  required  for  janitor).  City  Halls,  Colleges,  Court  Houses, 
Detention  Buildings,  Police  Stations,  Hospitals,  Libraries,  Museums,  Nurseries, 
Railway  Passenger  Stations,  Schools,  and  Theatres. 

Buildings  of  this  class  shall  be  of  fireproof  construction,  except  that 
schools  in  which  no  pupils  are  accommodated  above  the  s^cdnd  story  may  be 
of   non-fireproof   construction.  '   ' 

Where  armories,  railway  passenger  stations,  museums  ahd  similar  build- 
ings have  large  arched  exposed  roof  consti'uction,  the  fireproofing  of  the 
stfUctural  membdrs  of  these  roofs' may  be  omitted  if,  in  the  opinion  of  the 
Superintendent,  the  construction  of  the  remainder  of  the  building  would 
reasonably   warrant   such   omission. 

Class  B. — Amusement  Halls,  Churches,  Exhibition  Buildings,  Lodge  Rooms, 
and  Public  Halls. 

Air  biiildings  of  this  class  shall  have  the  floor  over  cellar  or  basement 
which  is  nearest  to  grade  level  of  'fireproof  construction. 

Buildings  of  this  class  over  three  stories,  or  46'  feet  high,  shall  be  of 
fireproof  constructioA  throughout,  except  that  church  spires  need  not  be 
fireproof  until   they  exceed   75    feet  in   height. 

Evefy  permanent  structure  intended  for  the  seating  dr  accommodation 
of  the  public,  commonly  known  as  grandstands,  erected  within  the  fire 
limits,  shall  be  of  fireproof  construction,  except  that  the  seats  may  be  of  wood, 
and  the  structural  steel  work  may  be  linprdtected.  When  portions  of  such 
structures    are   enclosed,    the   entlosing   construction    shall    be   fireproof. 

Class  C. — Bachelor  Apartments,  Club  Houses,  and  Studios  with  more  than 
15  sfeeping  rooms.   Dormitories,  Hotels  and   Lodging  Houses. 

Buildings  of  this  class  when  permitted  of  frariie  construction  shall  not 
exceed  two  stories  or  30  feet  in  height. 

All  buTldings  6f  this  class  three  stories'  in  Height  shdll  have  the  floor  over 
cellar  or  basement   which  is  nearest  to   grade  leVcl  of  fireproof  construction. 

Buildings  of  this  class  over  three  stories  or  40  feet  high,  shall  be  of 
fireproof   construction   throughout. 

Class  D. — Dwellings,  Tenement  HouseS,  and  all  other  Residence  Buildings 
not   specified   in   Class   C.  .  .     • 

Buildings  of  this  class  over  three  stories,  or  40  feet  high,  shall  have  the 
floor  over  cell&r  or  basement  which  is  nearest  to  grade  level  of  fireproof 
construction. 

Buildings  of  this  class  over  four  stories,  or  55  feet  high,  shall  be  of 
fireproof  construction   throul^otit.     . 

When  the  lower  stories  or  portions  thereof  in  non-fireproof  buildings  of 
Classes  C  and  D  are  occupied  for  business  purposes,  the  construction  shall 
be  made  in  accordance  with  the  requirements  of  Section  98. 

Frame    buildings,    Sec.    187-19^. 

Class  E. — Factories,  Lofts,  Office  BWldings,  Printing  Houses,  Restaurants, 
Stables,  Stores,  Warehouses,  and  Workshops. 

-  Buildings  of  this  class  of  ordinary  construction  oVer  tWo  stories,  or  30 
feet  high,  shall  have  the  floor  over  the  lowest  story  of  fireproof  bonstruction; 
buildings  of  this  class  over  four  storiefa',  or  55  feet  high,  shall  be  of  fire- 
proof construction  throughout,  or  of  mill  constrtkctfon.  Mill  construction 
buildings  shall  not  exceed  65  feet  in  height. 

Clate  F. — Car  Bams,  Foundries,  Light  and  Power  Plants,  Railroad  Freight 
Stations,  Ice  Houses;  also  Special  Industry  Buildings,  construq^gfli^^  occu- 
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pied  exclusively  for  a  special  purpose  or  industry  and  not  otherwise  classified, 
such  as  Coffee  Roasters,  Dry  Cleaning  Establishments,  Grain  Elevators,  Ice- 
Making  Plants,  Laboratories,  Malt  Houses,  Oil  Houses,  Oil  Refineries, 
Refrigerating  Plants,  Rendering  Plants,  Soap  Factories,  Sugar  Refineries, 
Smoke  Houses,  Slaughter  Houses,  Wharf  Buildings,  also  Garages  accom- 
modating more  than  three  cars,  or  in  which  cars  are  stored  on  more  than 
.one  floor.  '  • 

Buildings  of  this  class,  such  as  garages  (as  herein  defined),  oil  houses, 
oil  refineries,  rendering  plants,  smoke  houses,  varnish  works,  etc.,  and  build- 
ings or  portions  of  buildings  which  ate  used  for  the  storage  or  handling  of 
large  quantities  of  combustible  packing  or  refuse  material,  shall  be  only  of 
fireproof  cpnsiruction.  All  other  buildings  of  Class  F  shall  be  of  fireproof 
or  mill  construction  if  within  the  fire  limits  or  if  they  exceed  55  feet  in 
height.  ^ 

Height    of   mill   construction,    Sec.    37. 

Buildings  of  Class  F,  whether  of  fireproof  construction  and  within  the 
fire  limits,  or  of  non-fireproof  construction  and  outside  the  fire  limits,  shall 
only  be  erected  in  such  isolated  localities  and  under  such  conditions  as  are 
approved  by  Ae  Superintendent  of  Building  Construction. 

Walls 

Section  27.  Panel  or  Enclosure  Walls  for  Skeleton  Construction. — 
In  skeleton  construction  the  panel  walls  shall  be  supported  by  girders  at  each 
floor  level,  and  if  of  brick,  shall  be  not  less  than  12  inches  thick,  laid  in 
cement  mortar.  When  the  vertical  distance  between  supporting  girders 
exceeds  15  feet  the  thickness  of  the  wall  shall  be  increased  4  inches  for 
each  15  feet  or  fraction  thereof  that  the  said  vertical  distance  exceeds  15 
feet.  Such  walls  shall  be  of  brick,  stone,  or  gravel  concrete,  or  hard  burned 
terra   cotta. 

Reinforced  concrete  walls,  Sec.   147. 

Terra  cotta  in  skeleton  construction,  Sec.  31,  par.  7. 

Section  28.  Curtain  Walls.— Curtain  walls  over  three  stories  or  50 
feet  in  height  shall  be  laid  in  cement  mortar,  and  shall  be  not  less  than  12 
inches  thick  for  the  uppermost  50  feet  thereof,  or  nearest  tier  of  beams  to 
that  height,  and  increased  4  inches  for  every  additional  section  of  three 
stories  or  45,  feet,  or  nearest  tier  o-f  beaibs  to  that  height.  When  such 
walls  are  used,  the  foundation,  of  the  buildings  shall  be  so  designed  that  the 
load  from  the  columns  and  the  load  of  the  walls  are  carried  together.  Cur- 
tain walls  sh&ll  be  anchored  to  the  steel  framing  at  each  floor  level,  the 
anchors  being  spaced  not  further  apart  than  6  feet  horizontally.  See  4  and  s. 
Figure  22, 

Section  29.  Fire  Walls. — i.  Fire  walls  shall  be  built  of  brick  laid  in 
Portland  cement,  mortar,  or  of  reinforced  concrete.  In  fireproof  buildings, 
brick  fire  walls  supported  by  girders  at  each  story,  may  be  12  inches  thick 
throughout.  In  none-fireproof  buildings,  brick  fire  walls  which  do  not  serve 
as  bearing  walls  shall  be  not  less  than  16  Inches  thick  in  the  upper  four 
stories  or  upper  50  feet,  increasing  4  inches  in  thickness  for  each  two  stories 
or  fraction  thereof  below.  See  Fig.  21.  No  such  two-story  increment  shall 
exceed  30  feet  in  height.  In  frame  buildings  used  for  manufacturing  or 
commercial  purposes,  and  not  exceeding  two  stories  or  30  feet  in  height, 
non-bearing  fire  walls  shall  be  not  less  than   12  inches  thick. 

2.  Every  opening  in  a  fire  wall  or  a  party  wall,  shall  be  protected  on  each 
side  of  the  wall  by  an  approved  automatic  fire  door.  No  opening  in  any 
such  wall  shall  exceed   80   square   feet  in   area,  excep^||^|  ^^i(^^ji|r^j|M[^er- 
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mission  of  the  Superintendent,  a  larger  opening  may  be  had  upon  the  ground 
floor  only;  but  special  precautions  shall  be  takeni  to  protect  such  opening, 
and  in  no  case  shall  the  total  width  of  openings  in  any  one  story,  other 
than  the  first  story,  exceed  35  per  cent  in  linear  length  of  the  wall.  Fire 
and  party  walls  shall  be  continuous  from  foundation  to  3  feet  above  roof 
level  and  be  coped,  except  that  such  walls  in  fireproof  buildings  need  not 
extend  above  the  top  of  the  roof  beams. 

3.  When  three  or  more  buildings  used  for  stores,  factories  or  warehouses; 
communicate  by  openings  through  separating  fire  walls,  the  openings  shall 
be  protected  by  double  fire  doors,  and  each  building  shall  also  be  provided 
with  a  system  of  approved  automatic  sprinklers. 

Note. — The  great  value  of  solid  walls  in  restricting  the  spread  of  fire 
is  so  well  known,  argument  should  be  unnecessary  to  insure  their  use 
wherever  suitable.  A  fireproof  factory  or  warehouse  with  properly  restricted 
areas  between  fire  walls,  equipped  with  automatic  sprinklers,  and  having 
proper  protection  to  vertical  openings  and  windows,  would  be  practically 
impossible  to  burn.  The  truth  of  this  statement  has  been  demonstrated 
many  times.     The  folly  of  building  otherwise  is  a  self^vident  verity. 

Fire  walls  are  as  useful  in  protecting  school  buildings,  hospitals,  hotels, 
state  and  county  buildings,  large  residence  buildings,  and  in  fact  any  building 
having  considerable  area,  as  they  are  in  other  types  of  buildings.  In  such 
public  buildings  where  numerous  people  are  housed,  many  of  whom  may 
be  invalids  or  infirm,  the  life  saving  features  of  properly  constructed  lire 
exits  through  fire  walls,  cannot  be  overestimated.  The  additional  expense  of 
such  cut-offs  is  slight,  and  neither  the  architectural  effects,  nor  the  utility 
of  the  building)  need  be  affected  by  their  introduction.  Necessary  openings 
in  such  walls  when  not  large,  can  be  efficiently  protected  by  fire  doors  as 
artistic  in  finish  as  ordinary  doors.  It  is  no  longer  necessary  to  be  restricted 
to    the    unsightly   tin    clad    fire    door    for    such    use. 

4.  If  an  opening  in  a  fire  wall  is  made  to  serve  as  an  emergency  or  hori- 
zontal exit,  and  is  included  in  the  calculations  for  exits,  it  shall  not  exceed 
48  square  feet ,  in  area,  and  a  self-closing  fire  door  shall  be  substitute^  for 
one  of  the  automatic  fire  doors.  The  automatic  door  shall  be  controlled  by 
an  approved  automatic  door  release  on  each  side  of  the  wall. 

Note. — ^A  self-closing  fire  door  is  one  which  is  normally  kept  in  a  closed 
position   by   some   mechanical   device. 

An  automatic  fire  door  is  one  which  is  arranged  to  close  when  released 
by    the    action   of  heat. 

Self-closing  fire  doors  used  on  exit  openings  in  fire  walls,  should  have  a 
standard  of  quality  at  least  equal  that  required  for  stairway  doors.  Such 
doors  are  intended  to  prevent  the  passage  of  smoke  through  the  opening, 
which  might  under  certain  conditions,  render  an  adjoining  floor  area  unten- 
able before  the  heat  would  be  sufficient  to"  close  the  automatic  door.  X'or 
this  reason  the  self-closing  door  should  never  be  allowed  to  be,  held  open 
mechanically  for  more  than  a  few  minutes  at  a  time  when  strictly  necessary 
for  transporting  goods  through  the  d6orway  or  for  similar  service.  Under 
no  circumstances  should  it  be  held  open  by  a  mechanical  device  other  than 
one  which  contains  a  fusible  link  as  an  integral  part.  Such  device  shall 
be   attached  at  the  top  of  the  door. 

If  other  openings  in  a  fire  wall  communicate  directly  with  an  area  of 
refuge  included  in  the  calculations  for  exits  and  protected  _  by  a  self-closing 
fire  door  as  above  described,  the  automatic  fire  doors  protecting  such  openings 
should  be  kept  closed*  at  all  times  except  fos  short  periods  when  strictly 
necessary    for    the    transportation    of   goods. 

Horizontal   exits,   as   emergency   exits.   Sec.    46,   par.    2,    (c). 

Section  30.  Parapet  Walls. — All  exterior  or  party  walls  over  20  feet 
'high,  except  where  such  walls  are  finished  as  cornices,  gutters,  01  crown 
mouldings,  excepting  also  the  walls  of  detached  dwellings  with  peaked  or 
hipped  roofs,  shall  be  furnished  with  parapets.  Parapet  walls  shall  be  the 
full   thickness  of  the   top  story   walls  and  shall  project  at  least,  3  feet  above 
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the  roof  at  all  points,  excerpt  that  on  dwellings  the  parapets  may  be  reduced 
to   2.   feet.     All  parapet  walls  shall  be  coped  with  approved  durable  material. 

Parapets   on   fire   walls,    Sec.    29,   par.    2. 

Section  31.  Hollow  Building  Block  Walls. — i.  Hollow  building  blocks 
of  hard  burned  terra  cotta  or  of  concrete,  may  be  used  for  all  walls  except 
party  and  fire  walls  of  buildings  not  exceeding  three  stories  or  40  feet  in 
height,  provided  that  such  blocks  have  met  the  test  requirements  of  Section 
58,  and  are  not  stressed  beyond  the  safe  limits  therein  prescribed.  The 
minimum  thickness  of  such  walls. jshall  be  as  required  for  brick  walls. 

Hollow  blocks   for  skeleton  construction,  par.   7. 

Building   block   defined,    Sec.    58,   par.    i. 

2.  Concrete  blocks  shall  not  be  used  in  construction  until  they  have  attained 
an  age  of  28  days,  nor  until  they  have  developed  the  required  test  strength. 
All  building  blocks  shall  be  laid  in  Portland  cement  mortar. 

jJ  If  a  wall  be  built  of  blocks  laid'  with  the  cells  horizontal,  which  were 
designed  to  be  normally  laid  with  the  cells  vertical,  or  if  band  courses  of 
such  blocks  with  cells  horizontal  be  laid  in  a  wall  otherwise  built  of  the 
same  blocks  with  the  cells  vertical,  the  carrying  capacity  of  such  walls  shall 
be  calculated  from  th€  strength  of  the  blocks  tested  with  their  cells  horizontal. 

Test  requirements  for  hollow  building  blocks,  Sec.   58. 

4.  Hollow  terra  cotta  blocks  in  exterior  walls  shall  be  either  extra  hard 
burned  or  be  veneered  with  brick,  architectural  terra  cotta,  or  stone,  securely 
bonded  and  set  as  provided  in  Section  21,  paragraph  8,  or  the  blocks  shall 
be  covered  on  the  exposed  surface  with  at  least  %  inch  of  Portland  cement 
stucco;  such  blocks  shall  be  well  scored,  grooved  or  roughened  to  retain  the 
coating.  The  stucco  shall  not  be  considered  as  a  part  of  the  required  thick- 
ness of  the  wall. 

5.  When  hollow  block  walls,  laid  with  cells  vertical,  are  decreased  in  thick- 
ness, the.  blocks  in  the  top  course  of  the  thicker  wall  shall  be  filled  solidly 
with  concrete,  or  the  exposed  openings  in  such  top  course  may  be  covered 
with  slabs  of  hard  burned  terra  cotta  or  concrete  at  least  i  inch  in  thickness. 
Terra  cotta,  concrete  or  metal  slabs  or  templates  of  approved  size  and  thick- 
ness shall  be  placed  under  all  floor  beams  and  girders  as  bearing  plates  in 
order    that    the    allowable    working   stresses    shall    not   be    exceeded. 

Hollow,  blocks  filled  with  concrete,  Sec.  58,  par.  8. 

6.  Building  blocks  shall  be  so  laid  that  the  shells  and  webs  shall  be  super- 
posed upon  the  shells  or  webs  of  the  adjacent  block  or  blocks  below. 

7.  Hollow  blocks  when  used  to  form  lintels,  which  arc  not  keyed  arches, 
shall  be  reinforced  with  steel  rods,  and  be  filled  solidly  with  concrete.  Such 
lintels  shall  be  designed  in  accordance  with  the  unit  stresses  and  other  re; 
quirements    for   reinforced   concrete   as   required   in    Section    117,   etc. 

8.  Except  for  party  or  fire  walls,  hard  burned  terra  cotta  blocks  may  bd 
used  for  walls  of  skeleton  construction  having  a  height  not  exceeding  four 
stories  or  55  feet.    The  thickness  shall  be  the  same  as  required  for  brick  walls. 

Terra  cotta  blocks  faced  with  brick  bonded  in  the  manner  specified  in  the 
last  half  of  paragraph  8,  Section  21,  may  be  used  for  walls  of  skeleton  con- 
struction to  a  height  of  10  stories  or   125   feet. 

Note. — It  is  recommended  that  hollow  building  blocks  having  shells  or 
webs  one  inch  or  less  in  thickness,  which  are  laid  with  cells  vertical  in 
walls  which  have  unusual  length  or  height  between  supports,  or  which  are 
liable  to  be  subjected  ""to  stresses  which  would  make  them  unstable,  shall 
be  reinforced  by  interior  metal  supports,  or  that  a  layer  of  metal  fabric 
be  embedded  in  each  horizontal  mortar  joint.  The  fabric  to  be  %  inch  less 
in  width  than  the  thickness  of  the  wall,  and  to  have  a  mesh  of  ^>6  to  %  inch. 
The  fabric  to  be  laid  in  the  joint  before  the  mortar  is  deposited  and  be 
lapped  at  the  comers.  Digitized  by  LjOOglC 
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Section  33.  Furred  Walls  and  HcxLlow  Walls. — i.  The  inside  4  inches 
of  all  walls  may  be  built  of  hard  burned  hollow  brick  the  dimensions  of 
ordinary  brick,  properly  tied  and  bonded  into  the  walls.  Terra  cotta,  con- 
crete, or  gypsum  tile  or  blocks  used  as  lining  or  furring  shall  'not  be  con- 
sidered as  forming  part  of  the  required  thickness  of  any  wall. 

2.  In  all  hollow  walls  of  stone,  brick  or  concrete,  the  same  net  horizontal 
section  shall  be  used  as  if  they  were  solid.  The  p&rts  of  hollow  walls  shall 
be  connected  by  approved  ties  of  brick,  stone,  or  metal,  placed  not  over  24 
inches  apart  horizontally  and  vertically.  Metal  ties  shall  have  the  ends  bent 
at  right  angles,  and  be  not  less  thari  i  inch  wide  by  %  inch  thick,  and  shall 
extend  into  the  wall  on  each  side  not  less  than  4  inches. 

Section  34.  Recesses  and  Chases  in  Walls. — i.  Recesses  for  stairways 
or  elevators  may  be  located  within  the  required  thickness  of  foundations  or 
cellar  walls,  provided  the  walls  are  not  thereby  reduced  to  a  less  thickness 
than  that  required  for  a  fourth  story  wall.  Reinforcement  shall  be  supplied 
where  necessary  to  compensate  for  the  diminished  thickness  as  approved  by 
the   Superintendent. 

The  brick  backing  of  recesses  for  alcoves  and  similar  spaces  shall  be  not 
less  than  8   inches  thick. 

2.  No  pipe  chases  shall  extend  into  any  wajl  more  than  one*third  of  its 
required  thickness.  No  horizontal  recess  or  chase  shall  exceed  4  feet  in 
length  in  any  wall  without  express  permission  of  the'  Superintendent.  No 
recess  in  a  wall  shall  be  made  within  a  distance  of  6  feet  from  any  other 
recess  in   the   same   wall. 

Chases  shall  not  be  permitted  within  the  required  area  of  any  pier.  Chases 
or  recesses  in  walls  built  of  hollow  blocks  shall  not  be  formed  by  cutting 
of  blocks,  or  by  other  method  which   would   impair   the   strength   of  the   wall. 

Neat  fitting'  metal  sleeves,  or  asbestos  covering,  shall  be  provided  around 
pipes  at  each  floor  level,  and' the  chases  at  these*  levels  shall  be  filled  with 
solid  masonry  for  the  space  of  one   foot  in  height. 

Heights  and  Areas 

Section  37-  Height  of  Buildings. — i.  No  building,  or  structure  here- 
after erected,  except  a  church  spire,  shall  exceed  in  height  two  and  one-half 
times  the  width  of  the  widest  street  upon  which  it  fronts,  nor  shall  it  exceed 
the    following    limits:  ' 

Height  in  Height  in 

.    .,  ^.               i  Stories  Feet 

Frame  buildings  used  for  purposes  other  than  dwellings 

■  and  tenements 2  30 

Frame  dwellings  and  tenements  occupied  by  not  more 

than  two  families 2i  30 

Frame  dwellings  occupied  by  not  more  than  one  family .  3  35 

Buildings  having  bearing  walls  of  hollow  terra  cotta  or 

concrete  blocks , 3  40 

Non-fireproof  buildings,  ordinary  construction 4  55 

Non-fireproof  buildings,  mill  construction 5  65 

Fireproof  buildings  used  for  factories,  stores,  warehouses 

or  workshops 7  85 

Fireproof  buildings  used  for  purposes  othet  than  facto- 
ries, stores,  warehouses  or  workshops 10  125 

2.  If  a  single  story  building  exceeds  30  feet  in  height  the  roof  shall  be 
constructed  entirely  of  incombustible  materials,  and  all  metal  framework  of 
same  shall  be  protected  with  fireproofing,-  except  as  provided  in  Section  n, 
paragraph   2. 

3.  A  single  story  building  not  exceeding  30  feet  in  height  may  have  a  roof 
monitor   not   exceeding    10    feet   in   height.  Digitized  by  GoOglC 
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4.  No  story  of  any  building  above  the  first  story  shall  exceed  15  feet  in 
heigHt. 

Section  38.  Allowable  Floor  Areas. — i.  In  every  building  of  the  char- 
acter named  in  this  section  the  maximum  area  of  any  floor  between  fire  walls 
or  exterior  Walls,  either  without  or  with  s  full  equipment  of  automatic 
sprinklers,  shall  be  as  follows: 

2.  Non-Fireproof    Construction. — (a)    Tenement   houses,    3,000   sq.    ft. 

(b)  All  other  ordinary  non-fireproof  buildings,  height  not  exceeding  55  feet. 

With  sprinklers. 
Without  increase  of 

Fronting  on  sprinklers  66 1  per  cent 

One  street 5,000  sq.  ft.  8,333  sq.  ft. 

Two  streets .'.  6,000  sq.  ft.         10,000  sq.  ft. 

Three  or  more  streets 7,500  sq.  ft.         12,500  sq.  ft. 

(c)  Mill   construction   buildings,   height   limit   65    feet. 

With  sprinklers. 
Without  increase  of 

Fronting  on  sprinklers  100  per  cent 

One  street. 6,500  sq.  ft.         13,000  sq.  ft. 

Two  streets 8,000  sq.  ft.         16,000  sq.  ft. 

Three  or  more  streets 10,000  sq.  ft.         20,000  sq.  ft. 

3.  Fireproof    Construction. — 

(a)  All  buildings  of  Classes  A,  B,  C,  and  D I        ^  *.'" 

Ti*u.        J                   .  ^-  ^restrictions 

Light  and "  power  stations 

'  Of^ce    buildings 

(b)  All  other  buildings  not  exceeding  65   feet  in  heiglit. 

With  sprinklers, 
Without  increase  of 

Fronting  on  sprinklers  66  J  per  cent 

,      One  street , 10,000  sq.  ft.         16,666  sq.  ft. 

Two  streets 12,000  sq.  ft.         20,000  sq.  ft. 

Three  or  more  streets 15,000  sq.  ft.         25,000  sq.  ft. 

(c)  Stores,  warehouses,  factories,  and  .workshops  not  exceeding  85  feet; 
aad  other,  buildings  not  exceeding   125   feet  in  height. 

With  sprinklers, 
Without  increase  of 

Fronting  on  sprinklers  50  per  cent 

One  street 7,500  sq  .ft.         11,250  sq.  ft. 

Two  streets 10,000  sq.  ft.         15,000  sq.  ft. 

Three  or  more  streets 12,500  sq.  ft.         18,750  sq.  ft, 

(d)  The  first  floor  only  of  any  fireproof  building  occupied  as  a  store  may 
have  an  area  of  20,000  sq.  ft.,  and  if  fully  protected  by  api)roved  automatic 
sprinklers  may  be  increased  50  per  cent  or  have  a  maximum  area  of  30,000 
sq.  ft. 

Note  i.— It  is  generally  conceded  that  five  stories  Is  the  maximum  height 
to  which  water  can  be  thrown  effectively  by  a  fire  department  from  the 
street  level,  and  that  50  feet  is  the  maximum  distance  inside  a  building 
which  can  be  reached  by  a  stream  through  a  window.  These  facts  have 
been  a  governing  consideration  in  the  establishment  of  the  limits  of  heights 
and  areas  in  this  Code.  In  addition,  the  width  of  the  street  upon  which 
a  building  fronts  and  the  height  of  the  building  should  be  considered;  a 
building  endangers  adjacent  property  in  proportion  to  its  size  and  proximity 
to  other  property. 

The  areas  given  in  this  section  are  based  upon  an  average  street  width 
of  60  feet.  For  less  than  this  width,  it  does  not  appear  unreasonable  to 
require  sprinklers  for  even  smaller  areas  than  herein  given,  particularly  for 
buildings  over  two  stories  high.  This  could  well  be  placed  in  the^  hamis  of 
the   Chief   of   the   Fire    Department.  Digitized  by  VjUU^H^ 
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Note  2. — Attention  is  called  to  a  paper  entitled  "  Allowable  Heights  and 
Areas  for  Factory  Buildings,"  distributed  by  the  National  Board  of  Fire 
Underwriters,  which  contains  a  digest  of  opinion,  of  over  a  hundred  prominent 
Fire  Chiefs  upon  this  subject. 

Allowable  Loads 

Section  39.     Floor  Loads. 

Live  Loads 
Pounds  per  Square  Foot 

Class  of  building  

Ground  and      Upper 
lower  floors  floors 
Foundries,  light  and  power  plants,  printing  and  litho- 
graphing houses,  raiiroad  freight  depots 250  250 

Warehouses ; 200  200 

Car  barns,  garages. 150      -  120 

Fire  houses 150  60 

Armories,  ball  rooms,  dance  halls,  exhibition  build- 
ings,   factories,    gymnasiums,    work    shop^,    lofts, 

markets,  stables,  stores,  public  halls,  restaurants. .         120  120 

Railway  passenger  stations 120  90 

Office  buildings 120  75 

Courthouses 100  100 

Churches,  libraries,  museums,  theatres 90  90 

Schools  and  coUeges 90  75 

Asylums,  bath  houses,  club  houses,  detention  build- 
ings, dormitories,   hospitals,  hotels,  lodge  rooms, 

lodging  houses,  studios 90  60 

Tenement  houses  and  dwellings 60  40 

Section  58.  Building  Blocks. — i.  The  term  "  block "  as  used  in  this 
section  shall  mean  any  shape  of  block,  brick  or  tile  which^  forma  a  hollow 
or  cellular  wall. 

2.  Terra  cotta  blocks  for  bearing  walls  shall  be  dense,  and  hard-burned  or 
vitreous. 

Portland  cement  only  shall  be  used  in  the  manufacture  of  concrete  blocks, 
and  the  coarse  aggregate  shall  be  of  suitable  material  graded  in  size,  but  in 
no  case  shall  the  maximum  dimension  exceed  one-half  the  width  of  the  mini- 
mum section   of  the   finished   block. 

Tests  shall  be  made  to  establish  the  working  stresses  to  govern  the  use 
of  blocks  of  each  particular  mark  or  brand.  A  series  of  ten  full  size 
blocks  shall  be  selected  from  average  quality  stock,  and  shall  be  tested  for 
compression.  ^ 

4.  Concrete  blocks  shall  be  not  more  than   36  days  old  when  tested. 

5.  The  compressive  strength  of  building  blocks  shall  in  all  cases  be  calcu- 
lated upon  the  gross  sectional  area  of  the  bedding  faces  including  the  cellular 
spaces. 

All  blocks  submitted  to  test  shall  be  bedded  .  in  plaster  of  paris  or  cement 
to  secure  an  even  bearing. 

Two  piece  blocks  shall  be  tested  in  pairs  as  set  to  form  the  two  faces  of 
the  wall.  The  strength  requirement  shall  be  the  same  as  for  hollow  blocks, 
and  it  shall  be  calculated  upon  the  gross  sectional  wall  area  which  would 
be   formed   by   the   two   blocks   and   the   space   between   them. 

6.  The  average  ultimate  compressive  strength  for  terra  cotta  blocks  designed 
to  be  normally  laid  with  the  cells  vertical,  and  which  are  tested  with  the 
cells  in  that  position,  shall  be  not  less  than  1,200  lbs.  per  square  inch.  The 
"illowable  working  stress  on  such  blocks  shall  not  exceed  120  lbs.  per  square 
inch. 

7.  The  average  compressive  strength  of  terra  cotta  blocks  which  are 
designed  to  be  normally  laid  with  the  cells  vertical,  but  are  tested  with  the 
cells  horizontal,  shall  be  not  less  than  300  lbs.  per  g^L^ifl^t^i^cJiOfB^I'^  block 
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of  the  set  shall  test  less  than  200  lbs.  per  square  inch.  Thf  ajilowable  work- 
ing stress  on  such  blocks  wh^n  laid  with. the  cells  borJsontal,  shall  not  exceed 
30  lbs.  per  square  inch. 

8.  The  average  ultimate  compressive  strength  for  terra  cotta  blocks  designed, 
to  be  normally  laid  with  the  cells  horizontal,  and  which  are  tested  with  the 
cells  in  that  position,  shall  be^  not  less  than  800  lbs.  per  square  inch.'  The 
allowable  working  stress  on  such  blocks  shall  not  excee^d  ^o  \\^f  pe.r  square 
inch. 

9.  The  average  compressive  strength  for  concrete  blocks  when  tested  with 
the  cells  vertical,  shall  be  not  less  than  800  lbs.  per  square  inch,  and  300 
lbs  per  square  inch  withr  no  block  testing  at  less  than  200  pounds  per 
square  inch  if  tested  with  the  cells  horizontal.  The  allowable  working  stress 
for  such  blocks  shall  not  exceed  80  lbs.  and  30  lbs.  per  square  Inch  re- 
spectively. 

10.  Hollow  building  blocks  may  be  filled  solidly  with  Portland  '  9e?nent 
concr«te  or  cement  mortar  to  increase  the  stability  and  to  aid  in  distributing 
the  load,  but  the  allowable  working  stress  on  such  blocks  shall  not  be  greater 
than    that    permitted    for    unfilled    blocks. 

Note. — Tests  have  demonstrated  that  t'he  strength  of  holloiy  .terra  cQtta 
blocks  is  not  increased  by  being  filled  with,  concrete,  'the  reason  being  .jthc 
difference  in  strength  and  elasticity  of  the  two  materials.  Sirfijlar  tests 
thus  far  available  upon  concrete  blocks  indicate  some  gain  iii  ^^rength  by 
filling,   but   not  sufficient  to   warrant   recognition.  v 

11.  The  absorption  of  building  blocks  used  for  bearing  or  panel  walls, 
determined  by  taking  the  average  test  of  three  blocks,  shall  not  exceed  10 
p«r  cent  in  48  hours,  and  shall  not  exceed  15  per  cent  in  any  case. 

12  Hollow  building  blocks  shall  not  be  used  in  fireproof  buildings  until 
they  have  successfully  withstood  a  two-hour  fire  test  z»  ipedMed  for  parti- 
tions. '    '  '       .    ..         I 

SECxycN  63.  Weights  of  Materials.— The  weighty  ,  of  iVJMriops  materials 
shall   be   assumed   to   be   as   follows: 

Pounds  per 
...  Cu^)icFoot 

Brickwork — Ordinary ;,...«..■--', .». . .   -120 

Brickwork — Pressed   brick v ». . .  *   ■  130 

Concrete — Cinder,  used  for  floor  arches  or  slabs,  well  tamped :..      108 

Concrete — Cinder,  used  for  filling*  not  tamped 60 

Concrete — Stone,  or  gravel * 144 

Granite,  Bluestone,  and  Marble * i 170 

Limestone.  ^ :.      160 

Sandstone 1 145 

Oak.   50 

Spruce    and    Hemlock , 30 

White   Pine 27 

Yellow    Pine,    Grade   I j.,. 44 

Yellow    Pine,    Grade    II 35 

Maple 43 

Birch 45 

Douglas   Fir   and   Cypress 35 

Working  Stresses         • 

Section  65.  Permissible  Working  Stresses. — i.  The  safe  carrying 
capacity  of  the  various  materials  of  construction,  when  not  otherwJ.se  speci- 
fied, shall  be  determined  by  the  following  working  stresses  in  pounds  per 
square  inch  of  sectional  area:  Digitized  by  C^OOglC 
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2.  Steel  and   Ikon. 

Compression    in'  Sh*ort   BjJocks  Pounds  per 

Square  Inch 

Rolled   steel    , 16,000 

Cast   steel    16,000 

Cast    h-on    '. ' 16,000 

Steel  pins,  shop  and  power  driven  ■  field  rivets  (bearing) 20,000 

Steel  field  rivets   (driven  by  hand)    (bearing) 16,000 

Stee!  field  bolts  (bearing) 12,000 

Tension 

Rolled  steel 16,000 

Cast   steel ^  .'.''.,'. 16,000 

Working  .stress  on  bohs  in  tension.   Sec. '74,  par.   6. 

Working  stress   on   concrete   ueinforcemeqt   bars,   Sec.    125. 

^   Sbeas 

Steel   web   plates to,ooo 

§ted  shop  an4  power  driven  field  rivets  and  pins. 10,000 

feel  field  rivets    (driven   by  hand) 8,000 

Steel  'field    bolts. . . ; • ;....;... '. 7,000 

Cast  steel    ....-.* .'. » .  9,000 

Cast    iron    * i.Soo 

Extreme  Fibre  Stress 

I^o)led  steel  t)eams,  and   riveted  steel  beams 16,000 

Rolled  stee]  pins,  rivets,  and  bolts , 20,000 

Cast'  irqn   coippression   side i6»ooo 

Cast  iron  tension  side 3,500 

%.  Concrete  and  Masonry. 

Compression  Pounds  per 

'    -  Square  Inch 

Grout,   Portland  cement,  neat .' i  ,000 

Grout,    Portland   cement,    neat   between   steel    In    foundation    not   over 

%    inch    1,500 

Concrete,  Portland  cement,  1 ;  sand,  2;  stone,  4 .' 500 

Concrete,  Portland  cement,  i ;  sand,  2^ ;  stone  5 400 

Concrete.  Natural  cement,   i;  sand  2;  stone,  4 • 125 

Concrete,  Natiiiral  cement,   i ;  sand,  2% ;  stone,  5 80 

Brickwork  in  Portland  cement  mortar : 250 

Brickwork  in  Natural  cement  mortar ao8 

BHckwtitk  in  lime  and  Portland  cement  mortar 208 

Brickwork    in    lime    mortar 11 1 

Hollow  terra  cotta  blocks,  see  Section  58. 

Hollow  concrete  blocks,  see  Section   58.  '  ' 

Rubble  stonework  in  Portland  cement  mortar 140 

Rubble  stonework  in  lime  and  cement  mortar 1 00 

Rubble  stonework  in   lime  mortar. 70 

Cut  stone  masonry,  other  than  sandstone ^ 600 

Sandstone  masonry   ' .  300 

Granites,  according  to  test i^ooo  to  2,400 

Gneiss * 1,000 

Limestones,   according   to   test 700  to  2.300 

Marbles,    according    to    test 600  to  1,200 

Sandstones,   according   to   test ......  v 400  to  i  ,600 

Slate « . . . .  i \ 1 ,000 

Shear 

Shearing^  stress   involving   diagonal    tension    in    Portland    cement    con- 
crete, in  the  proportions  of  1-2-4 40 

Direct   shear    (punching  shear),   in    Portland   cement   concrete,   in   the 

proportions  of    1-2-4 « ••  • ,120 

Working  stresses  on  reinforced  concrete.   Sees.    125,    167  and   168. 

4.  Structural   Timber. — The    following   stresses   apply    to   seasoned   timber 
to   be   kept    under   shelter   in    a   dry   location,    and   deflection    not   to   increase 

with  time.     Vi  the  timber  is  to  be  used  under  other  conditions,  these  stresses 
should  be  modified.                                                       Digitized  by  CjOOQ Ic 
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BENDING  COMPRESSION 

^  '.         ParaUel  to  the 

Grain,  Columns 
Extreme    Maximum      Perpendic-  / 

Fibre       Longitud-       ular  to  the       with  -  less 
Stress      inal  Shear  Grain  d 

than  10 

Oak 1,400  120  400  ,1,000 

Yellow  Pine,  Grade    1 1,600  120  350  "   1,200 

Yellow  Pine,  Grade  II 1,200  85  300  900 

Douglas  Fir 1,500  100  300  1,100 

Eastern  Spruce 1,000        *      75  200  900 

Western  Hemlock 1,300  75  250  1,000 

Norway  Pine 1,000  75  250  800 

/  =s  unsupported  length  in  inches 
d  =  diameter  or  least  side  in  inches 
Section   66.     Wobking   Stresses   for   Columns. — i.   The   working  stresseg 
per  square  inch  for  all  steel,  cast  iron,   or  wooden  columns  having  flat  end* 
shall  not  exceed  the  values  given  by  the  following  formulas: 

2.  Steel    Columns. — Working   stress,    S  =  16,000 — 70    — 

Where    S  =  allowable    compression    in    lbs.    per    square    inch. 
/  =  allowable    length    in    inches, 
r  =  least   radius  of  gyration   in   inches. 
The    allowable    compression    (S)    shall    not    exceed    13,000    lbs.    per    square 

inch,   and  the   ratio  of  slenderness   —  shnil  not  exceed   120,   except   that'  for 

bracing   and    for    compression    members    resisting    wind    stress    only,     —  shaU 
not  exceed   150.  ;^ 

See  Fig.  23  for  comparison  of  formulas. 

3.  Cast     Iron     Columns. — Working,   stress,     S  =  9,000  —  40    — 

Maximum  —   shall  not  exceed  60.  / 

xnr  ^r-  For  Columns  with  — 

4.  Wooden   Coluhns.  ^ 

greater  than  10,  but  not 
\  exceeding  30 

Oak 1,200-20— 

d 
I 

Yellow  Pine,  Grade    1 1,400-20  — 

d 
I 

Yellow  Pine,  Grade  II 1.100-20  — 

d 
I 

Douglas  Fir -  1,300-20 — 

d 
I 

Spruce 1,100-20  — 

d 
t 

Western  Hemlock 1,200-20  — 

d 
I 

Norway  Pine 1,000-20  — 

/  =  unsupported  length  in  inches  '^ 

d  =  diameter  or  least  side  in  inches 
The  unsupported  length  of  wooden  columns  and  compression  memt^fers  -  shall 
not   exceed   30   times   the   diameter   or   least   side,   nor   shall   the   unit   stresses 

exceed  those  given  in  the  table  in   Section  65   for  -j  less  than   10, 

Wooden   columns  with   -r  less  than   10,   Sec.   65,  par.   4,         (     r\r\n]t> 
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Section  75.  Protection  of  Structural  Metal  againM  Corrosion. — i. 
All  metal  structural  work  shall  be  cleaned  of  all  scale,  dirt,  and  rtfst,  and 
be  given  one  coat  of  paint  at  the  shop  completely  covering  all  exposed  sur- 
faces. After  erection  all  such  work  shall  be  painted  at  least  one  additional 
coat  of  a  shade  different  from  the  first  coat.  Thi  first  coat  of  paint  Shall 
be  made  of  pigments  which  shall  be  chemically  inert  after  application,  and 
shall  be  mixed  with  linseed  or  other  drying  oil.  The  amount  of  volatile 
matter  shall  be  sufficient  for  easy  spreading,  and  shall  not  injure  the  ftlm 
of  the  paint.  The  paint  must  dry  sufiiciently  hard  within  24  hours  so  that 
it  will  not  rub  off  or  abrade  easily.  When  the  steel  reaches  the  job  all 
abraded  or  injured  portions  must  be  thoroughly  recoated  with  (he  same 
material  as  the  shop  coat  befofl^  the  second  coat  is  applied. "The  sei^ond 
coat  of  paint  shall  be  such  as  will  not  act  as  a  solvent  of  the  first  coat, 
and  shall  be  mixed  with  a  pigment  which  shall  be  inert  after  application, 
and  the  vehicle  shall  be  one  that  will  not  saponify  under  the  action  of 
cement   mortar. 

2.  Surfaces  of  riveted  work  which  come  in  contact  with  each  other,  shall 
be  painted  with  two  coats  of  paint  before  assembling.  n       • 

3.  All  iron  or  steel  used  in  damp  locations  or  under  water  shall  be 
embedded  in  Portland  cement  concrete.  No  paint  shall  be  applied  to  the 
steel  surfaces  which  are  to  be  encased  in  concrete. 

4.  Any  structural  steel  work  which  may  be  so  placed 'as  to  be  inaccessible 
for  inspection  after  erection,  shall  be  thorough  cleaned  of  all  rust  a^nd 
encased   in   Portland   cement   concrete   before    it   is   rendered   inaccessible.  ' 

Protection  of  wall  columns.   Sec.    112,  par.   i.  '■    ; 

Ordinary  Timber  Construction 

Section  76.  Wooden  Beams  or  Joists. — i.  Every  wooden  beam  in  any^ 
party  or  fire  wall  shall  be  separated  from  any  other  beam  in  the  wall  by 
at  least  6  inches  of  solid  masonry.  Such  separation  may  be  obtained  by 
staggering  the  beams,  corbeling,  or  by  use  of  approved  steel  hangers  properly 
anchored  in  the  wall,  and  arranged  to  make  tl^  beams  self-releaMnf*  No 
wall  shall  be  corbeled  more  than  2  Inches  fo|r  this  purpose.  If  l|he  beam 
ends  are  opposite  each  other  in  the  wall  the  separation  shall  be  not  less 
than  8  inches.  Fig.  24  indicates  spacing  and  arrangement  of  beams  of 
different  thickness  in  a  12-inch  wall  which  will  meet  the  requirement  of 
this  section.  The  spacing  could  be  reduced  if  the  wallis '  under  the  beams 
were   corbeled. 

Note. — Staggering  the  beams  distinctly  lessens  the  danger  of  transmission 
of  fire  through  a  wall,  for  the  reason  that  the  fire  or  highly  heated  air  must 
travel  through  two  joints  at  right  angles  to  each  other  to  pass  from  one' 
beam  to  the  other.  The  probability  of  both  these  joints  being  open  is  much 
less  than  in  the  case  of  one  straight  connecting  joint. 

2.  No  wooden  floor  beam  or  roof  beam  used  in  any  building  within  the 
fire  limits  shall  be  less  than  3   inches  thick. 

3.  The  thickness  of  wooden  beams  shall  be  not  less  than  3  incites '  in  any* 
building  where  the  floor  load  is  greater  than  60  pounds  per  square   foot.    '^ 

4.  All  wooden  trimmer  and  header  beams  when  over  4  feet  in  length  shall 
be  hung  in  approved  metal  stirrups  or  hangers. 

5.  Every  wooden  beam,  except  header  and  tail  beams,  shall  have .  bearings 
of   at   least,  4   inches.  '  - 

Note. — In  desiring  wooden  floor  constructions  to  carry  heavy  loads,  it  is 
important  to  take  into  account  the  resistance  of  wood  to  crushing  perpendicular 
to  the  grain.  Frequently  the  area  allowed  for  support  of  the  ends  of  wooden 
beams  is  so  small  that  crushing  occurs  while  other  pi'oP9|f{||P^^Caf0^9t9)f^for 
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6.  The  ends  of  aU  wooden  floor  and  roof  beams,  which  rest  on  walls, 
shall  be  cut  to  a  bevel  of  3  inches  in  their  depth.' 

7.  I*f either  end  of  a  floor  or  roof  beam  »hall  be  supported  on  stud  partt- 
tion^,   except   in    frame   l^uildiugs. 

8.  MX  wooden  floor  and  roof  l^^ms  shall  be  properly  braced  with  cross 
bridging.  The  distance  between  bridging  or  between  bridging  and  bearing 
shall  not  exceed  8  feet.  So  far  as  possible  knots  or  other  imperfections 
shall  be  excluded   from  the  bottom  and  top  quarters  of  timber  be.ims. 

Timber  stresses.   Sec   65,  par.  4. 

SECTION     77.        WOODBN      BbAMS    SEPARATED     FROM     MaSONRY     ChZUNBYS. 1. 

}io  wooden  beams  or  joists  shall  be  placed  within  2  inches  of  the  outside 
face  of  a  chimney  or  flue,  whether  the  same  be  for  smoke,  air  or  any  other 
purpose. 

2.  No  woodwork  shall  be  within  4  inches  of  the  bacH.face  of  the  wall 
of  any  fireplace.    Figs.  25  and  z6. 

3.  For  smoke  flues  of  boilers  and  furnaces  where  the  brick  work  is  required 
to  be  more  than,  8  inches  in  thickness,  the  header  beams  shall  be  not  less 
than  4  inches  from  the  outside  of  the  brickwork. 


FiQ.    24. — Diagram    showing    placing    of    floor    beanls    in    a    wall    to    secure 
separation   of  at   least   6   inches  between   the  ends 

Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und'L^OOglC 
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Fig.  25. — Fire-shopping  aroui^d  chimney  and  fireplace. 
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Wooden  Studs 


Fig.   26.— *-Diagram  showing  two  tconnncn  features  of  dangerq'us  chSmney  con- 
struction.     Woodwork   placed   against   chimneys,    and   tinlined'  flues. 
'  Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und'e. 

4.  All  spaces  between  the  'chimney  and  the.  wooden  beams  shall  be  filled 
with  mineral  wool,  loose  cindfers,  gypsum  block,  or  other  porous  incombustible 
material.     See  Fig.  25. 

Note. — The  object  of  this,  filling  of  dead  air  spaces  around  a  chimney 
before  the  flooring  is  laid,  is  to  prevfcrit  an  accumulation  of  shavings  and 
other  combustible  material  in  them,  also  to  prevent  the  danger  of  mice 
building  nests  there.  The  filling  material  should  be  porous  to  preserve  the 
heat  insulating  advantage  of  the  air  cells,  consequently  brickwork,  mortar, 
or    solid    poncrete    should    not    be    used. 

5.  The  header  beam,  carrying  the  tail  beams  of  a  floor,  and  supporting 
the  trimmer  ai:ch  in  front  of  a  fireplace,  siall  be  not  less  than  20  inches 
from  the  chimney  breast.  ' 

6.  No  wjodcn  furring  or  studding  shall  be  placed  against  any  chimney, 
the  plastering  shall  be  directly  on  the  masonry,  or  on  metal  lathing. 


Roofs  and  Roof  Structures 

Section  80.  Roof  Coverings. — i.  All  buildings  except  as  given  below  shall 
have  roof  coverings  of  approved  standard  quf^ity,  such  as  brick,  concrete,  tile, 
or  slate;  or  highest  gr^de  of  tin  roofing,  or  of  asbestos,  shingles,  or  of  built-up 
roofing  felt  with  gravel  or  slag  surface,  or  of  built-up  asbestos  roofing;  or 
other  roofings  of  like  grade  which  would  rank  as  Class  A  or  6,  as  listed 
by   the   Underwriters*   Laboratories,    Inc. 

Exceptions: 

(a)  Dwellings; 

(b)  Frame  buildings; 

(c)  Buildings  not  exceeding  two  stories  or  30   feet  in  height  nnd   2,500 

square    feet   in   area,   and    not   used    for    factories,   warehouses,    or 
mercantile  'purposes.  digitized  by  V^OOglC 
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2.  The  quality  of  roofttig  for  all  dwellings  and  other  buildings  exempted 
in  paragraph  i,  shall  be  us  therein  specified;  or  may  be  of  a  grade  which 
would  rank  not  lower  than  Class  F,  as  listed  by  the  Underwriters*  Labora- 
tories, Inc. 

3.  A  layer  of  deadening  felt  at  least  1/16  Inch  thick  shall  be  placed  between 
metal  roofing  and  the  supporting  woodwork. 

Note. — ^The  purpose  of  the  felt  is  to  prevent  quick  ignition  of  the  wooden 
decking  when  the  roof  is  exposed  to  burning  brands  or  radiated  heat. 

4.  The  wooden  planking  and  sheathing  of  roofs  shall  not  in  any  case  be 
extended  across  side  or  party  walls. 

5.  Any  roof  having  a  pitch  over  60  degrees,  placed  on  any  building  over 
40  feet  high,  except  towers  or  church  spires  as  specified  in  Section  188,  shall 
be  constructed  of  iron  or  steel  frames  filled  with  fireproof  material  not  less 
than  3'^  inches  thick,  and  shall  be  covered  with  approved   roofing. 

6.  All  flashings  shall  be  of  metal  properly  incorporated  with  the  roofing 
material.      Copper  flashings  are   recommended.      '\ 

7.  The  top  and  sides  of  dormer  windows  shall  be  protected  the  same  as 
the   roof. 

Section  85.  Cornices  and  Gutters. — i.  On  all  buildings  or  structures 
within  the  fire  limits  the  exterior  cornices,  inclusive  of  those  on  show  windows 
and  gutters,  shall  be  of  incombustible  material.  All  cornices  not  built  as 
a  part  of  the  walls,  shall  be  secured  to  the  walls  with  metal  framing  or 
anchors. 

3.  Outside  of  fire  limits  where  buildings  having  masonry  walls  are  placed 
nearer  than  3  feet  to  a  side  or  rear  lot  line,  or  5  feet  to  another  building, 
the  comicesi  and  overhanging  eaves  on  the  side  or  rear  walls  shall  be  of, 
or  covered  with,  incombustible  material.  When  such  buildings  are  erected 
in  rows,  combustible  cornices  on  the  front  shall  be  fire-stopped  with  incom- 
bustible   material   between   each   building. 

Note. — The  most  vulnerable  point  of  attack  for  an  exposure  fire  of  this 
kind  is  under  the  eaves,  for  the  heat  banks  up  there,  and  the  woodwork 
is  always  highly  combustible  since  never  exposed  to  storms.  With  ordinary 
construction  numerous  cracks  are  almost  .certain  to  exist  alongside  the  rafters 
communicating  directly  with  the  attic  space  which  is  usually  difficult  of 
access,  and  liable  to  be  filled  with  combustible  material.  It  is  therefore 
important  that  the  space  above  the  plate  and  between  the  rafters  be  filled 
as  tight  as  possible.  Where  masonry  walls  are  used  they  should  extend  up 
to  the  underside  of  the  roof  boards. 

Section  88.  Protection  of  Extebiok  Wall  Openings. — i.  Every  building 
within  the  fire  limits,  except  churches  and  dwellings,  shall  have  approved  fire 
doors,  or  fire  windows  on  every  exterior  opening  above  the  first  story,  when 
fronting  on  a  street  or  driveway  less  than  50  feet  wide,  or  where  another 
building  or  portion  of  the  same  building  is  within  50  feet  of  such  opening; 
also  all  openings  in  the  side  aud  rear  walls  of  the  first  story,  except  show 
windows,  when  less  than  50  feet  from  another  building.  The  walls  of  a 
building  in  the  same  plane  or  parallel  planes  and  facing  in  the  same  direction 
as  that  in  which  the  opening  is  situated,  shall  not  be  considered  as  coming 
within  the   intent  of  this  rulfe. 

Note. — It;  has  been  dei^aonstrated  many  times  that  the  heat  from  a  burning 
building  will  break  the  windows  and  imperil,  an  exposed  building  distant 
even  60  feet  or  more.  The ,  combustibility  of  the  contents  of  the  buildings 
and  the  direction  of  the  wind  would  control  results  somewhat,  but  the  height 
of   the  exposed   building  would   have  even  greater  influence   upon   its  safety. 

The  difficulty ,  of  a  fire  department  maintaining  its  position  in  front  of  a 
vigorously  burning  building  in  a  street  50  feet  or  less  in  width,  with  the 
wind  blowing  in  that  direction,  is  well  known.  If  the  fire  fighting  force 
cannot  maintain  such  position  the  danger  to  the  Exposed  building  is  apparent, 
and  if  the  building  is  over  5  stories  high  the  hazard  of  the  fire  entering 
the  windows  is  greatly  increased.  Digitized  by  GOOglC  . 
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2.  All  openings  in  a  side  wall  above  and  facjng  o^  the  roof  pf  an  adjoining 
building  of  other  than  fireproof  construction,  shall  be  protected  by  fire 
doors  or  fire  windows  to  a  height  of  50  feet  above  the  roof  measured  in  a 
vertical  line.  If  the  adjoining  building  has  a  fireproof  roof,  all  openings 
in  the  said  side  wall  shall  be  protected  from  the  level  of  the  adjoining  roof 
to  a  height  of  50  feet  measured  in  a  straight ,  line  from  the  adjacent  edge 
of  the  nearest  skylight  or  other  opening  in  the  adjoining  roof,  to  the  top 
of  the  opening  in  the  wall. 

3.  All  openings  in  a  side  wall  above,  and  facing  on  the  roof  of  a  building 
of  other  than  fireproof  construction  which  is  separated  from  the  side  wall 
by  a  horizontal  distance  less  than  50  feet,  shall  be  protected  by  fire  doors 
or  fire  windows  from  the  roof  level  of  the  exposing  building  to  a  height  of 
50  feet  measured  from  the  top  of  the  adjacent  parapet  wall  to  the  top  of 
the  opening  in  the  wall;  or  50  feet  from  the  adjacent  edge  of  the  nearest 
skylight  or  other  opening  in  the  roof  of  the  exposing  building,  if  the  roof 
be   of   fireproof   construction. 

4.  All  exterior  wall  openings  more  than  7^  feet  above  the  curb  in  all 
buildings,   shall   be   protected   by  fire   doors   or   fire   windows. 

5.  In  business  buildings  over  four  stories  or  55  feet  in  height,  the  windows 
which  are  not  fire  windows,  shall  have  a  distance  of  at  least  3  feet  between 
the  top  of  a  window  sill,  and  the  bottom  of  the  lintel  of  a  window  directly 
beneath.  No  such  window  shall  be  arranged  to  open  within  i  foot  of  the 
ceiling  surface,  but  the  wall  construction  between  the  window  opening  and 
the  ceiling,  may,'  if  desired,  be  replaced  by  a  fire  window  In  fixed  sash  and 
frame. 

Note  i. — The  tendency  of  fire  in  a  buildthg  to  travel  upwards  from  story 
to  story  by  way  of  the  windows  is  well  known.  This  danger  is  reduced  by 
separation  of  the  openings  through  which  flames  may  issue.  The  National 
Fire  Protection  Association  recommends  s  feet  between  windows  for  a 
"Standard  Building";  such  separation  is  very  desirable  where  it  is  possible 
to  obtain  it.  The  provision  of  at  least  a  foot  of  space  between  a  window 
head  and  the  ceiling  is  for  the  purpose  of  banking  the  flames,  and  deflecting 
them  downward  as  they  escape  to  the  outside  air.  The  hazard  can  be  still 
further  reduced  by  making  the  whole  upper  half  of  such  windows  of  wired 
glass  in  fixed  metal  sash  and '  frames.  Full  size  windows  should  be  installed 
wherever    possible. 

Note  2. — ^The  prevalent  practice  of  enclosing  factories  and  some  com- 
mercial buildingrs  almost  entirely  with  glass,  is  dangerous.  If  plain  glass  be 
used,  the  construction  is  doubly  unwise,  for  an  uncontrolled  fire  in  any  of 
the  lower  stories  is  sure  to  reach  the  stories  aboye  .by  way  of  the  windows. 
Even  with  wired  glass  the  hazard  is  excessive  for  it  is  not  a  resistant  to 
radiated  heat,  and  there  is  always  serious  risk  that  combustible  material  in 
any   story   will   be   ignited   from   that  cause. 

6.  Approved  fire  shutters  may  be  substituted  in  place  of  the  fire  windows 
required  in  paragraphs  i,  2  and  3.  In  such  cases  at  least  one  row  in  every 
three  vertical  rows  of  shutters  shall  ibe  arranged  to  be  readily  opened  from 
the  outside,  and  a  distinguishing  mark  satisfactory  to  the  Chief  of  the  Fire 
Department  shall  be  provided  on  these  shutters. 

Note. — It  is  sttongly  recommended  that  all  windaw  openings  exposed  to 
buildings  within  15  feet  where  considerable  fire  hazard  exists,  shall  be  pro- 
tected by  approved  shutters  or  outside  open  sprinklers  in  addition  to  fire 
windbws.  The  limit  of  resistance  of  a  wired  glass  window  is  reached  at 
about  1,600°  F.,  when  the  glass  will  melt  and  drop  from  the  sash.  This 
temperature    is    frequently   reached    in    ah    exppsure    fire. 

7.  Occupants  of  buildings  shall  close  all  fire  doors,  shiittera,  and  windows 
at   the  close   of   business   each   day. 

Note. — For  complete  details  of  construction  and  installation  of  fire  doors, 
shutters  and  windows,  see  pages   367   to  433-  Digitized  by  GOOglC 
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Section  89.  Protection  op  Interior  Wai^x,  Openings.— 2.  In  buildings 
of  all  classes,  all  openings  into  balls  or  adjoining  rooms  from  rooips  in  which 
paint8»  oils,  varnishes,  spirituous  liquors,  or  drugs  or  other  highly  inflammable 
liquids  or  materials  are  stored  for  purpose  of  sale  or  otherwise;  or  in  which 
manufacturing  processes,  or  business  operations  are  conducted  which  are 
generally  recognized  as  hazardous  as  regards  Are,  shall  be  protected  by  self- 
closing  fire  doors,  or  fire  windows. 

Openings  in  fire  walls,   Sec   39,  par.   a. 

Openings  in   fire  exit  partitions,   Sec.  47,  par.  4. 

Openings  in  shafts,  Sec.  90,  par.  la  and  13. 

Protection   of  Vertical   Openings 

Section  90.  Enclosures  for  Stairways,  Elevators,  Escalators  and  Other 
Shafts  in  Fireproof  Buildings. — i.  All  interior  shafts  containing  stairways 
required  to  be  enclosed  by  Section  45,  paragraph  i,  and  except  in  dwellings, 
all  shafts  exceeding  6  square  feet  in  area  containing  elevators,  escalators, 
hoistways,  chutes,  ventilating  ducts,  or  used  for  any  other  purpose,  shall 
be    continuously  enclosed   with   fireproof   walls   or   partitions   built   as   follows: 

(a)  Brick  or  plain  solid  concrete  not  less  than  8  inches  in  thickness  for 
the  uppermost  30  feet,  increasing  4  inches  in  thickness  for  each  lower  section 
of  30  feet  or  part  thereof;  or  8  inches  in  thickness  for '  the  entire  height 
when   wholly  supported   at   vertical  intervals   not  exceeding  30   feet. 

(b)  Reinforced  stone  or  gravel  concrete  not  less  than  6  inches  in  thickness 
for  the  uppermost  30  feet,  Increasing  2  inches  in  thickness  for  each  lower 
section  of  30  feet  or  part  thereof;  or  5  inches  in  thickness  for  the  entire 
height  when  supported  at  vertical  intervals  not  exceeding  ao  feet  and  braced 
where  necessary  with   lateral   supports   or  suitable   steel   uprights. 

(c)  Reinforced  cinder  concrete  not  less  than  5  inches  in  thickness  for  the 
entire  height  when  supported  at  vertical  intervals  not  exceeding  15  feet, 
and   braced  where  necessary   with   lateral  supports  or  suitable  steel   uprights. 

(d)  Semi-porous  •  or  porous  terra  cotta  tile,  or  solid  gypsum  blocks  not  less 
than  6  inches  in  thickness  for  the  entire  height. when  supported  at  vertical 
intervals  not  exceeding  ao  feet,  and  securely  anchored  by  steel  reinforce- 
ment enoased  in  the  construction. 

Terra  cotta  tile  shall  have  not  less  than  two  cells  in  its  thickness,  with 
shells  and  webs  not  less  than  %  inch  thick. 

All  openings  in  such  partitions  shall  have  substantial  steel  framing,  the 
vertical  members  of  which  shall  be  securely  attached  to  the  floor  construc- 
tion  above  and  below. 

2.  £nclosux«  partitions  supporting  floor  loads  shall  be  of  materials  and 
thickness   required   for  bearing  walls. 

3.  Portland  cement  mortar  shall  be  used  for  all  masonry  work  in  shaft 
construction,  except  that   gypsum  mortar  may  be  used  to  set  gypsum  blocks. 

4.  Concrete  walls  or  partitions  shall  conform  to  the  requirements  of  the 
sections  on   concrete  construction. 

5.  The  bottom  of  such  enclosure,  and  the  top  when  not  extended  through 
the   roof,  shall  be  of  fireproof  material  not   less   than   4  inches  in  thickness. 

6.  When  such  shafts  extend  to  the  top  story,  they  shall  continue  through 
the  roof,  and  shall  project  not  less  than  6  inches  above  the  roof  surface. 
All  such  shafts  shall  be  enclosed  above  the  roof  by  at  least  5  inches  of  brick, 
or  stone  concrete. 

7.  Every  shaft  which  extends  above  the  roof  shall  have  a  skylight,  covering 
at   least   three-fourths  of   the   area  of  the   shaft. 

Construction  of  skylights,  see  page  4^3.  Digitized  by  GOOglC 
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8  All  steel  used  to  support  shaft  eoelosures,  as  required  in  this  section, 
shall  so  far  as  possible,  be  embedded  in  the  fireproofing  material,  and  shall 
be  protected  on  all  sides,  in  the  manner  required  for  steel  in  fireprooi 
buildings.     See    Section   112. 

9.  When  the  compartment  that  contains  the  machinery  for  operating  an 
elevator  communicates  with  an  elevator  shaft,  it  shall  be  enclosed  with  fire 
proof  partitions  as  required   for  the  shaft. 

10.  A  shaft  shall  not  contain  more  than  two  elevators.  The  separating 
partitions   shall   be   not  less   than   2   inches   thick. 

11.  A  stairway  and  elevator  shall  not  be  permitted  within  the  same  shaft 
enclosure. 

12.  All  door  openings  into  such  shafts  shall  be  protected  by  fire  doors 
and  shall  be  self-closing  except  for  elevator  doors.  No  glass  shall  i>e  i)er- 
mitted  in  such  doors,  except  when  doors  in  elevator  shafts  open  upon  an 
enclosed  hallway  a  wired  glass  panel  not  exceeding  2  square  feet  may  be 
provided  in  each  door.  Care  shall  be  exercised  to  insure  that  all  such  doers 
shall  fit  the  opening  as  closely  as  practicable. 

Note. — It  is  necessary  that  sliding  doors  on  elevator  shafts  be  made  to 
fit  snugly,  otherwise  In.  case  of  fire  the  shaft  fills  with  smoke  and  hot 
gases  and  becomes  untenable  and  dangerous.  The  accumulation  of  such  hot 
gases  is  very  liable  to  cause   an   explosion.  '* 

In  factories  and  warehouses  where  elevator  shafts  open  directly  into  a 
work  or  storage  room,  no  wired  glass  shall  be  permitted  in  the  doors.  The 
size  of  such  door  openings  shall  not  exceed  5  feet  4  inches  by  7  feet  6  inches. 

13.  Windows  shall  not  be  permitted  in  shaft  enclosures,  except  those  open- 
ing to  the  outside  air,  and  which  are  at  least  3  feet  distant  from  .iny  other 
opening;  all  such  windows  shall  be  stationary  or  automatic  closing  fire 
windows. 

14.  Where  an  elevator,  escalator,  or  stairway  as  required  in  paragraph 
(i),  connects  two  floors  only  in  a  building,  it  shall  be  enclosed  in  the  same 
manner  as  for  a  continuous  shaft,  except  that  it  may  be  left  open  in  one 
story  if  enclosed  in  the  other.  Such  elevator  or  escalaitor  shall  not  be 
included  in  calculations  for  required  means  of  exit,  and  no  such  stairway 
shall  be  considered  as  an  exit  from  more  than  one  floor. 

Note. — ^The  reasons  for  excluding  elevators  and  escalators  as  exits  are 
obvious.  The  reason  for  restricting  the  above  described  stairway  as  an  exit 
for  one  floor  only,  is  that  if  it  were  used  by  people  coming  from  a  floor 
above  they  would  be  obliged  to  pass  through  the  open  room  at  the  head  of 
the  stairway,  and  this  would  be  extremely  dangerous  if  that  room  were  afire. 

Fire  doors  and  windows.  Sec.  88. 

Section  91.  Enclosures  fok  Dumbwaitbbs  and  other  Shafts  not  Ex- 
ceeding 6  Square  Feet  in  Area  in  Fireproof  Buildings. — i.  All  dumb- 
waiter and  other  shafts  or  thutes  not  exceeding  6  square  feet  in  area,  except- 
ing dumbwaiter  shafts  which  do  not  extend  more  than  one  story  above  the 
cellar  or  basement  floor  in  dwellings,  shall  be  continuously  enclosed  by 
partitions  of  brick,  terra  cotta,  concrete,  metal  lath  and  cement  plaster, 
gypsum  blocks,  or  other  approved  fireproof  material  not  less  than  3  inches 
thick,  which  may  meet  the  test  specified  in  Section  174,  paragraph  4.  Such 
walls  or  partitions  shall  rest  upon  incombustible  foundations,  and  shall  be 
braced  between  floors  with  approved  incombustible  framing.  Gypsum  blocks 
may  be  set  in  gypsum  mortar;  all  other  blocks  shall  be  set  in  Portland 
cement   mortar. 

2.  When  dumbwaiter  or  other  small  shafts  are  constructed  of  blocks  or 
tile,  all  corner  blocks  or  tile  shall  be  held  by  metal  angle  clips  or  anchors, 
or  be  secured  by  other  approved  means. 
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3.  Where  a  dumbwaiter  shaft  extends  into  the  cellar  or  basement  of  a 
building,  it  shall  be  enclosed  in  that  story  with  walls  of  masonry  not  less 
than  5  inches  thick. 

4.  The  bottom  of  such  shaft  shall  be  of  fireproof  material,  and  where  such 
shaft  does  not  extend  through  the  roof,  the  tpp  of  the  shaft  shall  be  of 
fireproof  material  of  at  least  the  thickness  of  the  enclosing  partitions. 

5.  When  such  a  shaft  penetrates  the  roof  it  shall  project  at  least  6  inches 
above  the  roof,  and  shall  be  covered  with  fireproof  material  and  have  a 
skylight  covering   at   least   three-fourths  the   area  of  the  shaft.      ' 

6.  All  openings  in  dumbwaiter  shafts  shall  be  provided  with  approved  self- 
closing  fire   doors. 

7.  No  woodwork  other  than  the  guides  and  car  shall  be  permitted  in  the 
construction  of  any  such  shaft. 

Dumbwaiter  shafts  in  frame  buildings.  Sec.   190,  par.  4. 

Section  92.  Light  and  Vent  Shafts. — i.  The  walls  of  all  light  or  vent 
shafts,  whether  exterior  or  interior,  shall  extend  not  less  than  3  feet  above 
the   level  of  the   roof  and  be   coped. 

2.  In  all  buildings  other  than  private  dwellings  and  frame  buildings,  all 
windows  opening  into  light  and  vent  shafts  shall  be  protected  by  fire  windows. 

Section  93.  Enclosures  for  Stairway,  Elevator  and  Other  Shafts  in 
NoN-FiREPRooF  Buildings. — i.  In  non-fireproof  buildings  of  ordinary  con- 
struction, all  shafts  defined  in  Sections  90,  91  and  92,  shall  be  constructed 
as  specified  in  those  sections,  except  as  herein  provided,  and  except  that  the 
enclosing  walls  or  partitions  may  be  of  semi-porous  or  porous  two  cell  terra 
cotta,  or  of  solid  gypsum  blocks,  not  less'  than  s  inches  in  thickness;  or  4 
inches  of  reinforced  concrete.  The  thickness  of  new  material  permitted  under 
test  as  specified  in  Section  90,  shall  be  not  less  than  4  inches.  Such  parti- 
tions shall  be  supported  by  steel  structural  framework  at  intervals  not 
exceeding  20  feet.  In  all  respects  the  reinforcement,  bracing,  and  protection 
of  steelwork  shall  conform  to  the  requirements  of  Section  90. 

Any  woodwork  other  than  guides  and  car,  exposed  on  the  inside  of  the 
shaft,  shall  be  covered  with  metal,  or  metal  lath  and  %  inch  of  cement  or 
cement-tempered  plaster,  or  their  equivalent. 

2.  Dumbwaiter  and  other  small  shafts  shall  be  constructed  the  same  as 
required  in  Section  90,  except  as  provided  in  paragraph  3. 

3.  Every  shaft  in  a  non-fireproof  building  that  extends  to  the  t'>n  Po-'- 
shall  continue  through  the  roof  and  at  least  3  feet  above  it.  In  all  other 
respects,  shafts  in  non-fireproof  buildings  of  ordinary  construction,  shall  con- 
form to  the  requirements  of  Sections  90  and  91. 

4.  When  Such  partitions  rest  upon  timber  construction,  they  shall  be  fire- 
stopped  with  incombustible  material  the  full  depth  of  the  floor  beams  at  each 
floor  level  in  the  manner  specified  in  Section  97,  paragraphs  2  and  3.  The 
fire  stopping  shall  be  placed  to  form  a  complete  cut-off  between  the  interior 
of  the  building  and  the  shaft. 

Enclosures  for  stairway  and  other  shafts  in  frame  buildings,  Sec.  190,  par.  4. 
When  stair  hallway  shall  be  enclosed  same  as  stairway.  Sec.   116,  par.  4. 

Miscellaneous  Construction  Requirements 

Section  96.  Floor  Lights. — Floor  lights  shall  have  metal  or  reinforced 
concrete  frames,  and  shall  be  of  the  same  strength  as  the  floors  in  which 
they  are  placed.     The  glass  in  floor  lights  shall  be  not  less  than   %^^ch  in 
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thickness,  and  if  any  glass  measures  more  than  i6  sqtiare  inches,  there  shall 
be   a   wire  mesh,   either  in   the  glass  or  under  ft. 

Section  97.  Fire-Stopping.^i.-  Furred  Walls. — For  all  walls  furred  with 
wood  the  masonry  between  the  ends  of  wooden  beams  shall  project  the 
thickness  of  the  ftirring  beyond  the  inner  face  of  the  wall  for  the  full 
depth  of  the  beams;  or  a  course  of  masonry  above  and  below  the  beams, 
shall  project  the  full  thickness  of  the  furring  beyond  the  face  of  the  walL 
Fig.  27.  In  cases  where  floor  beams  are  parallel  to  a  wall  furred  with  wood, 
there  shall  Dc  a  space  of  not  less  than  2^  inches  between  such  wall  and  the 
nearest'  beam.  This  space  shall  be  filled  in  solidly  with  brickwork,  or  con- 
crete  for  the   full  depth  of  the  floor  beams. 

2.  Studded-off  Spaces.  Where  walls  are  studded-off,  the  space  between  the 
inside  face  of  the  wall  and  the  studding  at  the  floor  level  shall  be  fit  e  stopped 


Fig.  27. — Method  of  fire-stopping  furred  brick  walls. 
Reintxluced  by  pennission  Nat'l  Bd.  of  Fire  Und's. 


with  brickwork  or  other  approved  fireproof  material.  The  beams  directly 
over  the  studded-off  space  shall  be  deadened  with  not  less  than  6  inches  of 
fireproof  material,  which  shall  be  laid  on  boards  cut  in  between  the  beams. 
The  under  side  of  such  beams  shall  be  protected  by  a  covering  of  metal  lath, 
or  plaster  board,  and  plastered  to  a  total  thickniess  of  %-inch. 

3.  Partitions. — Where  stud  partitions  rest  directly  over  each  other,  and 
cross  the  wooden  flodr  beams  at  any  angle,  they  shall  run  down  between 
the  floor  beams  and  rest  on  the  top  plate  of  the  partition  below,  and  shall 
have  the  studding  filled  in  solid  between  the  uprights  the  depth  of  the  -floor 
beams  and  at  least"  4  inches  above  each  floor  level  with  brickwork  or  other 
approved  incombustible  materials.  Such  stops  shall  be  arranged  to  entirely 
separate  the  spaces  between  floor  beams  and  those  between  partition  studs 
in  a  manner  to  effectually  cut  off  draft  openings  from  story  to  story.     Fig.  28, 

When  sliding  doors  are  pocketed  in  partitions,  care  shall  be  exercised  to 
insure  that  siich  pockets  be  completely  fire-stopped  at  top  and  bottom. 

4.  Wainscoting. — The  surface  of  the  walls  or  partitions  behind  wainscoting 
shall  be  plastered  flush   with  the  grounds  and  down   to  the  -floor  line. 

5.  Stairs.— The  space  l)etween  stair  carriages  shall  be  fire-stopped  at  least 
once  in  the  middle  portion  of  each  run.  Digitized  by  (JjOOQIC 
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6.  No  fire-stops  shall  bt  covered  or  iti  any  inanner  concealed  from  view 
until  approved  in  writing  by  the  Superintendent,  who  stiill  inspect  the  same 
within  48  hours  after  receiving  written  notice,  Sundays  and  legal  holidays 
excepted. 

7.  Pipes,  Shafts  and  Belts. — All  exposed  pipes  or  power  shafting  passing 
through  any  floor  or  wall  shall  have  the  surrounding  air  space  closed  off 
at  the  ceiling  and  the  floor  line;  also  00  each  side  of  the  wall  by  close  fitting 
metal  caps.  See  Note,  Sec.  183.  In  fireproof  construction  it  is  preferable 
to  have  the  'pipes  or  shafts  fit  neat  in  the  floor  or  wall. 

All  belt  drives  through  floors  shall  be  continuously  enclosed  by  steel 
framework  covered  with  metal  •  lath  and  cement  plaster,  or  other  approved 
incombustible  material.  Where  possible  all  such  belts  shall  be  placed  in  a 
special  shaft. 
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Fig.    28. — Fire-stopping   of  partitions. 
Reprcduced  by  penniasion  Nat'l  Bd.  of  Fire  Und's. 


8.  Ducts  and  Chases. — Ducts,  chases,  or  shafts  for  pipes,  wires,  cables 
and  for  similar  purposes,  shall  be  constructed  as  required  in  Sections  90-93, 
or   shall   be   fire-stopped    at   each    floor. 

Fire-stops   around   chimneys.    Sec.    77,    par.   4. 

Fire-stops   in   frame   buildings,    Sec.    190,   par.    5. 

Section  98.  Requikembnts  in  Non-Fxkeproof  Buildings  Used  foe  Busi- 
WBss  and  Residence. — All  ordinary  construction  non-fireproof  buildings  of 
Classes  C  and '  D  over  two  stories  or  35  feet  high,  where  the  lowtr  stories 
ox  portions  thereof  are  used  for  business,  and  the  stories  above  for  resi- 
den6e  purposes,  shall  have  all  partitions  and  ceilings  separating  the  business 
portions  from  the  residence  portions,  covered  with  metal  lath  or  %-inch  fibre 
plaster  board  and  .plastered  with  cement  or  cement-tempered  plaster,  to  a 
total  thickness  of  %  inch;  or  plaster  board  may  be  covered  with  sheet  metal. 
Other  equivalent  fireproofing  may  be  used.  There  shall  be  no  windows  in 
such  partitions,  and  all  other  openings  shall  be  protected  by  fire  doors. 

Stairway,  elevator  and  other  shafts  in  such  buildings,  shall  be  constructed 
in  conformity  w^th   requirements  of   Section  93.  Digitized  by  CjOOQ IC 
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Fire-stops  shall  also  be  provided  at  the  line  of  the  ceilings  to  completely 
cut  off  all  communication  to  floors  above  through  hollow  stud  partitions  or 
side  walls,  as  required  by  Section  97,  paragraphs  i,  2  and  3. 

Note. — Sheet  metal,  unless  backed  by  an  unbroken  layer  of  at  least  ^J^  inch 
of  plaster  or  plaster  board,  is  not  considered  equivalent  to  either  of  the 
above    mentioned    ihethods    of    protection. 

Fireproof  Construction,  and  Fireproofing 

Section  iio.  General  Requirements  for  Fireproof  Buildings. — i.  The 
walls  of  ev|ery  fireproof  building  shall  be  constructed  as  specified  in  Sections 
31-30.  The  floor  and  roof  construction  shall  conform  to  the  construction  and 
test  requirements  specified  in  Sections  111-113.  Reinforced  conprete  buildings 
constructed  as  specified  in  Part  XXII,  shall  be  classed  as  fireproof  con- 
struction. 

2.  The  space  between  the  floor  arches  or  slabs  and  the  floor  finish  shall 
be  solidly  filled  with  concrete  as  specified  in  Section  172.  The  filling  beneath 
wooden  flooring  shall  be  made  flush  with  .the  under  side  of  the  flpor  boards. 

3.  In  buildings  of  Class  £,  except  stabTes,  also  in  apartment  houses,  clubs 
and  hotels,  when  of  fireproof  construction,  the  floors  shall  be  made  impervious 
to  water;  they  shall  also  be  arranged  to  drain  to  scuppers  or  interior  drainage 
pipes,  provision  being  made  to  discharge  water  at  the  rate  of  300  gallons  per 
minute   per  each    1,000   square   feet  of   floor   area. 

Note. — This  requirement  is  made  on  the  assumption  that  In  case  of  a  fire 
there  would  be  at  least  one  hose  stream  playing. upon  each  1,000  square  feet 
of  floor  area,  A  certain  amount  of  such  water  would  find  its  way  naturally 
to  stairway  and  elevator  shafts,  but  with  well  constructed  shaft  doors  the 
flow  of  water  at  such  outlets  would  be  greatly  retarded,  except  when  the. 
doors  were  open  for  fire  fighting  purposes  or  for  oth«it  cause.  Accumulation 
of  water  upon  an  prdinary  floor  is  sure  to  produce  very  serious  damage  to 
stock,  fitting:s,  and  decorations  upon  all  floors  below.  It  is  not  infrequent 
that  the  major  portion  of  the  resultant  loss  from  a  fire  in!  a  fireproof  building, 
is  due  to  water  rather  than  fire.  Terra  cotta  and  cinder  concrete  floor  con- 
struction as  usually  installed,  leak  badly  when  flooded  with  water.  When 
a  fire  occurs  in  any  story  of  a  building  having  such  construction,  and  con- 
siderable water  is  used  to  extinguish  it,  the  property  loss  in  stories  below 
due  to  water  is  always  high  unless  waterproof  floor  surfacings  are  used.  The 
free  flow  of  water  through  such  floors  is  seriously  criticised  by  firemen.  It 
is  not  only  extremely  disagreeable,  but  it  hampers  their  work  and  introduces 
the  danger  of  falling  ceilings  as  well  as  possibility  of  overloading  floors  which 
are  heavily  stocked  with  absorbent  material. 

Incombustible  floor  surfacings  should  be  made  continuous  with  the  base  on 
all  sides  of  the  room  to  a  height  of  at  least  6  inches.  Flashings  should  be 
provided  around  all  openings  through  floors  except  those  where  a  discharge 
of  water  would  produce  a  minimum  of  damage.  If  scuppers  are  not  desir- 
able to  remove  surplus  water,  drainage  pipes  connecting  to  gratings  located 
in  the  baseboard  or  at  other  suitable  points  may  be  provided.  When  floors 
have  a  granolithic  finish,  care  should  be  exercised  to  make  the  mixture  as 
dense  as  possible.  The  addition  of  iq  to  is  per  cent  by  volume  of  hydrated 
lime  is  recommended  to  reduce  porosity.  Wooden  floor  surfacing  should  be 
made  as  waterproof  as  practicable.  Waterproof  paper  is  sometimes  used  be- 
tween the  layers  of  rough  and  finished  flooring,  but  this  Increases  the  danger 
from  dry  rot,  unless  care  be  exercised  to  have  the  sleepers  and.  rough  flooring 
thoroughly  dry  before  sealing  it  down  with  the  paper.  Antiseptic  treatment 
is  the  most  reliable.  See  Note  to  paragraph  5.  Similar  precautions  shall  be 
tnken  around  openings  through  wooden  floorings  as  for  other  floorings,  and 
the  joints  between  walls  or  partitions  shall  be  made  as  tight  as  practicable. 
The  lowest  floor  of  the  building  should  be  provided  with  adequate  facilities 
for   removing   surplus   water. 

4.  Except  as  permitted  in  Section  45,  paragraph  i,  all  shafts  and  .public 
hallways  shall  be  enclosed  and  separated  from  the  rest  of  the  floor  space 
by  fire-resistive  enclosures,  as  specified  in  Sections  90  and  115,  and  shall 
have  floor  surfaces  and  trim  of  approved  incombustible  material.     The  stairs 

and  stairway  landings  shall  be  of  approved  incombustible  matem' 
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5.  No  woodwork  or  other  combustible  material  shall  be  used  in  the  con- 
struction of  any  fireproof  building:,  except  wooden  floor  sleepers,  grounds, 
bucks,  and  nailing  blocks- when  entirely  embedded  in  incombustible  material; 
also  the  finish  flooring,  and  interior  doors  and  windows,  when  not  otherwise 
specified,  with  their  frames,  trim,  and  casings;  also  interior  finish  when 
backed  solidly  with  fireproof  material,  may  be  of  wood.  Wooden  wainscotings 
more  than  3   feet  high,  or  woioden  oeilings,  shall  not  be  permitted. 

Note  i. — Attention  is  called  to  the  grave  danger  of  dry  rot  attacking  floor 
sleepers  which  are  embedded  in  concrete  and  then  sealed  from  the  air  by  the 
floor  covering.  Instances  of  rapid  decay  and  serious  damage  from  this  cause 
are  numerous.  Well  seasoned  heartwood  timber  is  best  suited  for  this  pur- 
pose, and  antiseptic  treatment  is  recommended.  Coal  tar  antiseptics  are  not 
suitable  for  this  purpose  in  most  buildings.  The  odor  and  the  oily  surfaces 
are  disagreeable,  and  the  danger  from  fire  is  increased.  Wood  treated  with 
zJinc   chloride  or  corrosive   sublimate   is  not  subject  to   such   criticism. 

Note  2. — For  the  highest  grade  of  fireproof  building,  incombustible  surface 
flooring  and  metal  trim  should  be  used.  Buildings  of  sUch  construction  are 
being  erected  in  numerous  cities,  and  are  considered  first-class  investments. 

6.  Exterior  wall  openings  shall  be  protected  as  required  in  Section  88. 
Section   hi.     Fireproofing,  Floor  and  Roop  Construction. — i.  Fireproof 

construction  between  steel  floor  or  roof  beams,  shall  consist  of  segmental 
arches  of  brick  or  concrete,  or  of  segmental  or  flat  arches  of  hollow  terra 
cotVa,  or  reinforced  cinder,  stone,  or  gravel  concrete;  or  of  such  other  equally 
fire-resisting  material  or  construction  as  may  be  approved  after  fire,  water, 
and    strength   tests. 

2.  All  segmental  arches  shall  have  a  rise  of  1%  inches  to  the  foot  of  span. 
Steel  tie-rods  of  proper  size,  spacing,  and  location  shall  be  used  in  all  arches 
to  properly  ttesist  the  thrust.  Such  tie  rods  shall  be  completely  encased  to  a 
depth  of '  at  least  2  inches  in  fireproofing  material  which  shall  extend  into 
and  be   anchored  to  the  arch. 

Note. — ^Tie-rods  are   an   important   feature  of  segmental  ancj   flat  arch  floor 
construction   between   steel  beams.      In   general   the   rods  should  be   placed   as 
near  the  bottom  flanges  of  the  beams  as  consistent  with  proper  protection  by' 
fireproofing.      It    is    good   practice   to    double   the   number    01    tie-rods    for    all 
outer  arches. 

Tie-rods  in  reinforced  concrete  fireproof  construction.  Sec.    171. 

•3.  The  spacing  of  floor  or  roof  beams  in  fireproof  construction  shall  not 
exceed  8  feet  on  centers  except  when  the  slabs'  between  them  are  .composed 
of  reinforced  stone  or  gravel  concrete,  in  which  case  they  shall  he  limited 
by  the  design. 

4.  Brick  Arches. — Segmental  arches  of  brick  shall  have  a  thickness  of  not 
less  than  4  inches  for  spans  of  5  feet  or  less,  and  8  inches  for  spans  exceeding 
5  feet  and  not  exceeding  8  feet.  Brick  arches  shall  be  composed  of  good, 
hard  common  or  hollow  brick.  The  brick  shall  be  laid  to  a  line  on  the 
centers  and  properly  and  solidly  bonded;  each  longitudinal  line  of  brick  shall 
break  joints,  with  the  adjoining  lines.  The  arches  shall  spring  from  suitably 
designed  solid  skewbacks  made  of  the  same  materials  as  the  arches,  and  be 
properly  keyed.  The  brick  shall  be  well  wet  before  laying,  and  tlie  joints 
solidly  filled  with  mortar. 

5.  Terra  Cotta  Arches. — Hollow  terra  cotta  tile  used  for  floor  or  roof  arches 
shall  be  hard  burned  or  semi-porous  and  of  uniform  density  and  hardness. 
All  terra  cotta  arches  shall  be  properly  keyed.  The  key  blocks  shall  always 
be  placed  within  the  middle  third  of  the  span. 

Segmental  arches  shall  have  suiflcient  depth  between  the  top  and  bottom 
faces  to  carry  the  load  to  be  imposed,  but  not  less  tha.ix  (5  inches^  The  tile 
shall  have  at  least  two  cellular  spaces  in  the  depth.       Digitized  by  GOOQIC 
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Flat  arches  shall  have  a  depth  of  not  les»  than  i%  inches  for  each  foot  of 
span  between  the,  beams*  this  no^  to  include  aAy  portion  of  the  depth  of 
tile  that  projects  below  the  under  side  of  the;  beams.  The  total  depth  shall 
in  no  case  be  less  than  9  inches,  and  the  tile  shall  have  not  less  than  three 
cellular  spaces  |n  the  depth. 

The  shells  of  afch  blocks  shall  be  not  less  than  %  inch  in  thickness,  and 
the  webs  shall  be  not  less  than  %  inch  in  thickness.  Every  arch  block  shall 
have  at  least  one  contiguous  vertical  internal  web  for  each  4.  inches  in  width. 
There  shall  be  rounded  fillets*  at  all  internal  intersections.  The  skewbacks  of 
all  hollow  tile  arches'  shall  be  of  such  form  and'  section  as  to  accurately  fit 
the  beams  and  properly  receive  the  thrust  of  the  a.rches,  and  shall  have 
shells  at  least  i    inch  thick,  and  webs  not  less  than   %   inch  thick. 

The  safe  working  load  on  terra  (botta  arches  shall  be  determined  by  design 
or  by  test.  The  allowable  extreme  fibre  stress  in  compression,  in  terra  cotta 
floor  tile  shall  be  taken  as  500  pounds  per  square  ineh  on  net  section. 

7.  Roofs. — ^Hollow  terra  cotta  or  concrete  tile,  or  solid  gypsum  blocks,  may 
be  used  for  fireproofing  betw^n  the  steel  framework  of :  roof  construction; 
but  such  tile  or  blocks  shall  be  not  less  than  3  inches  thick,  and  the  sup- 
porting steel  members  shall  be  spaced  not  moi^e  than  25  inahes  on  centers. 
When  solid  blocks  or  tile  are, properly  reinforced  to. resist  the  bending  stresses, 
the  steel  supporting  members  may  be  spaced  not  to  exceed  30  inches  apart. 
The  bottom  flanges  of  steel  .men^bers  sh^  be  protected  as  elsewhere  provided. 

Thickness  of  stone  concrete  roofs,  Sec.   137. 

Thickness  of  .cinder  concrete  roofs,  Sec.   169.     , 

Roof  coverings,  Sec.  80. 

Section  112.  Fireproofing,  Protectioj!!  of  Structural  Members. — i.  Pro- 
tection of  Wall  Columns. — All  columns  which  •  support  steel  girders  carrying 
exterior  walls,  and  all  columns  which  are  built  into  walls  and  support  floors 
only,  shall  be  protected  against  corrosion  by  a  coating  of  Portand  cement 
mortar  at  least  %  inch  thick,  and  against  moisture  and  fir^  by  a  casing  of 
masonry,  which  shall  be  not  less  than  4  inches  of  brick  or  3  inches  of  con- 
crete on  all  surfaces;  all  to  be  well  bonded  into  the  masonry  of  the  enclosing 
walls.  . 

N;ote. — Stonework  is  not  r(?liable  protection  for  steelwork  against  fire.  A 
fite  of  only  moderate  intensity  is  practically  sure  to  cause  it  to  be  ruined 
by  .spallingy  and  the  metal  structural  members  behind  it  may  thereby  be 
exposed.. . 

2.  Protection  of  Wall  Girders. — The  wall  girders  shall  have  a  casing 
of  Portland  cement  mortar  and  the  same  masonry  protection  as  required  for 
wall  columns,  all  to.  be  seturely.  tied  and  bonded;  but  the  extreme  outer 
edge  of  the  flanges  of  beams,  or  plates  or  angles  connected  to  the  beams 
may  project  within  a  inches  of  the  outside  of  surface  of  such  casing.  The 
inside  surfaces  of  the  girders  shall  be  similarly  protected  by  masonry,  or  if 
projecting  inside  the  walls,  they  shall  be  protectee^  by  concrete,  terra  cotta,  or 
other   approved   fireproof  material   not   less   than   2   inches   thick. 

3.  All  metal  structural  members  which  support  loads  or  resist  stresses,  other 
than  those  provided  for  by  the  two  preceding  paragraphs,  shall  have  a  pro- 
tection of  fireproofing  as  herein  specified.  The  protection  material  shall  be 
brick,  concrete,  terra  cotta,  or  gypsum  block.  Concrete  shall  be  of  the  quality 
prescribed  in  Sections  162-168;  terra  cotta  may  be  solid  or  hollow,  and  shall 
be  porous  or  semi-porous,  neitlier  shells  nor  >#ebs  shall  be  less  than  %  inch 
thick;  gypsum  blocks  shall  be  solid  and  of  quality  approved  by  the  Superin- 
tendent. Plaster  shall  not  be  considered  a  part  of  any  rec|mired  fireproofing 
for  metal  structural,  members  except  where  specifically  mentioned  as  such. 
See  paragraph  8,  also  Section   114. 
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4.  All  bricks  or  blocks  used  for  Rrcprooiing  shall  be  set  in  Portland  cement 
mortar,  except  that  gypsum  blocks  may  be  set  in  gypsum  mortar.  See  note 
to   paragraph    5,    Section    115. 

5.  Interior  Columns. — (a)  The  protection  shall  cover  the  columns  at  all 
points  to  a  thickness  of  not  less  than  3  inches  and  be  continuous  from  ,the 
base  to  the  top  of  the  column.  The  extreme  outer  edges  of  lugs,  brackets, 
and  similar  supporting  metal  may  project  to  within  i  inch  of  the  outer  sur- 
face of  the  protection. 

Note. — Much  has  yet  to  be  learned  regarding  the  necessary  thickness  and 
methods  of  ai^plication  of  different  column  coverings  to  produce  efficient  fire 
protection.  The  investigations  on  this  subject  now  in  progress  at  the  Under- 
writers' Laboratories  in  Chicago,  will  furnish  much  needed  information.  When 
secured,   it  may  justify   changes   in  the   requirements  herein  made. 

(b)  If  brick  or  blocks  are  used  for  fireeproofing  columns^  they  shall  be 
accurately  fitted,  laid  with  broken  joints,  and  all  spaces  between  the  outside 
layer  and  the  metal  solidly  filled  with  masonry;  or  a  concrete  filling  may  be 
used.     No  voids  between  the  metal  and  the  protecting  casing  shall  be  i)ermitted. 

(c)  Galvanized  steel  wire  not  smaller  than  No.  12  gauge,  shall  be  securely 
wrapped  around  block  column  coverings  so  that  every  block  is  crossed  at  least 
once  by  a  wire.  The  wire  shall  not  be  wound  spirally  around  the  column, 
but  each  turn  or  band  shall  be  a  separate  unit  and  shall  be  twisted  tightly 
or  otherwise  securely  bound.  Other  equivalent  anchorage  may  be  employed 
if  approved.  No  block  used  for  this  purpose  shall  exceed  12  inches  in 
vertical  dimension. 

Note. — Any  method  which  would  securely  lock  the  blocks  in  place,  or  hold 
them  by  substantial  interior  metal  ties,  would  be  superior  to  the  wire  wrapping 
above   described. 

(d)  Columns  located  in  damp  places  shall  receive  a  coat  of  at  least  i  inch 
of   Portland   cement   mortar  before   application   of   the   fireproofing. 

(e)  Columns  made  of  steel  or  wrought  iron  pipe  filled  with  concrete,  shall 
be  protected  by  at  least   i*^   inches  of   fireproofing. 

(f)  Where  the  fireproofing  of  columns  is  exposed  to  damage  from  trucking 
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Reinforcement  should  he 
held  in  fixed  position 
approximately  as  indicated. 
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f\f\/ron^  Practice 
Reinforcement  too 
close  to  flange  to  furnish 
proper  support  ^r  concrett. 


Fig.  29. — Diagrams  indicating  proper  and  improper  reinforcement  for  concrete 
fire  protection  to  bottom  of  beams. 
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or  handling  of  merchandise,  the  fireproofing  shall  be  jacketed  on  the  outside 
for  a  height  of  not  less  than  3  feet  from  the  floor  with  metal  or  other 
approved   covering. 

6.  Protection  of  Steely  Girders  and  Beams. — (a)  The  protection  of  the  webs 
and  bottom  flanges  of  girders,  and  all  members  of  trusses  shall  have  a  thick- 
ness of  not  less  than  2  inches  at  all  points.  The  protection  of  the  webs  and 
bottom  flanges  of  beams,  lintels,  and  all  other  structural  members  shall  be 
not  less  than   i^j  inches  at  any  point. 

(b)  If  hollow  terra  cotta  tile  be  used  for  protection,  the  lower  flanges  of 
beams  and  similar  members  shall  be  encased  either  by  lugs  which  iorm  part 
of  the  skewbacks  and  extend  around  the  flanges  meeting  at  the  middle;  or 
by  tile  slabs  held  in  position  by  dove-tailed  lugs  projecting  from  the  skewbacks. 
In  either  case  care  shall  be  taken  to  insure  that  all  joints  be  solidly  filled 
with  mortar. 

7.  Concrete  protection  for  all  structural  members  shall  be  held  in  position 
by  suitably  designed  interior  steel  anchors  hooked  securely  around  the  flanges 
or  angles  of  the  members,  at  intervals  not  exceeding  8  inches  apart;  these 
anchors  shall  be  not  less  than  %  ftich  in  thickness  if  flat  or  i/io  inch  in 
diameter  if  of  wire,  and  shall  be  located  at  a  distance  not  less  fhan  %  inch, 
or  more  than  i  inch  from  the  outside  surface.  Fig.  29.  Provision  shall  be 
made  to  prevent  displacement  of  anchors  while  concrete  is  being  deposited. 
When  the  flange  width  of  steel  members  exceeds  6  inches,  the  wire  used  for 
anchoring   the    concrete    protection    shall   be    not   less   than    %    inch   diameter. 

8.  Steel  angle  or  channel  struts,  or  other  structural  framing  not  else- 
where provided  for,  which  are  used  for  support  In  any  wall,  partition,  or 
other  construction,  shall  be  fireproofed  as  required  in  Jhis  section,  or  in 
Section    115,   paragraph   4. 

9.  Metal  fronts  on  the  exterior  of  buildings  over  one  story  high  shall  be 
backed   up  or  filled  in  with  masonry  not  less  than  8  inches  thick. 

Section  113.  Miscellaneous  Fireproofing  Provisions. — i.  Defective  or 
damaged  fireproofing  materials  shall  not  be  used.  All  fireproof  construction 
injured  or  damaged  after  being  erected  shall  be  repaired  to  the  satisfaction 
of  the  Superintendent  before  any  filling  or  finish  is  placed  over  same. 

2.  No  pipes,  wires,  cables  or  other  material  shall  be  incased  within  or 
embodded  in  the  required  fireproof  protection  of  columns  or  other  structural 
mem|>ers. 

3.  ^11  metal  lath  and  plaster  ceilings  shall  be  supported  by  hangers  or 
clamps  attached  to  the  floor  or  roof  construction  in  an  approved  manner. 
Such  supports  shall  be  of  such  section  and  weight  as  will  support  the  wet 
plaste^    without   deflecting   more    than    1/30   inch   per   foot   of   span. 

4.  All  studding  for  metal  lath  partitions  or  wall  furring  shall  be  made 
from  steel  stock  weighing  not  less  than  0.5  of  a  pound  per  lineal  foot,  shall 
be  spaced  not  over  16  inches  center  to  center  and  shall  be  securely  fastened 
to    the    floor    and    ceiling   construction. 

5.  Metal  lath  shall  be  of  galvanized  steel  weighing  not  less  than  54  oz. 
per  square  yard.  Wire  lath  shall  be  not  less  than  No.  20  gauge,  and  sheet 
metal  lath  not  less  than  No.  24  gauge.  Metal  lath  shall  be  laced  to  the  sup- 
porting furring  or  studs  at  intervals  not  exceeding  6  inches. 

6.  After  floors  are  constructed,  no  opening  greater  than  2  square  feet  shall 
be  cut  through  them  unless  suitable  metal  framing  or  reinforcing  is  provided 
around  the  opening.  After  pipes  or  conduits  are  in  place,  all  openings  around 
them  shall  he  filled  in  solidly  with  fireproofing  material  unless  approved  close 
fitting  indivdual  sleeves  are  provided  as  specified  ^it§|^|^5^fDO^^^C>^fApl>   7* 
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Section  114.  Protection  op  Metal  STRUCTURAii  Members  in  Non-Fire- 
PROOF  BuiilDiNGS. — Steel  girders  and  steel  or  iron  columns  which  aui>port 
masonry  walls,  other  than  those  facing  upon  a  street,  shall  be  protected  by 
at  least  2  inches  of  fireproofing  of  the  same  materials  and  applied  in  the 
manner  specified  in  Section  112;  or  by  2  inches  of  metal  lath  and  cement 
plaster;  the  latter  being  applied  in  two  layers  with  an  air  space  between  them. 
All  other  ixon  or  steel  columns  shall  be  protected  by  at  least  i  inch  of  metal 
lath  and  cement  plaster  or  its  equivalent.  .The  lath  shall  be  of  quality  speci- 
fied in  Section   113,  paragraph  5. 

Note. — The  protection  of  metal  structural  members  in  non-fireproof  build- 
ings is  made  obligatory  only  for  members  supporting  walls  and  main  floor 
sections  which  in  a  fire  are  likely  to  collapse  suddenly  with  serious  danger 
to   firemen   and   wrecking  of  the   building. 

U  is  very  desirable,  however,  that  other  metal  members  which  support 
important  parts  of  a  non-fireproof  building,  such  as  roof  beams  and  trusses, 
should  have  at  least  a  minimum  protection  of  i  inch  of  metal  and  cement 
plaster,   or   other  equivalent   protective   material. 

It  is  well  known  that  steel  begins  to  lose  its  strength  at  about  soo'*  Fahr., 
attd  at  1,000°  Fahr..  approximately  70  per  cent  of  its  strength  is  gone.  Tem- 
peratures such  as  these  are  easily  reached  in  an  ordinary  fire,  and  if  main- 
tained even  for  a  short  time  are  almost  sure  to  produce  collapse  of  exposed 
steel  structural  members.  Loaded  cast  iron  columns  are  very  liable  to  frac- 
ture and  collapse  when  highly  heated,  especially  when  struck  by  a  stream 
of  water.  A  simple  sub-standard  protection  as  here  suggested  would  prevent 
such   failures,   and  njight  easily  save  a  building   from  complete  ruin. 

Heavy  timber  construction  will  resist  collapse  from  fire  better  than  unpro- 
tected steel  work.  The  wooden  members  will  burn  and  help  spread  a  fire, 
but  it  takes  considerable  time  to  burn  them  deep  enough  to  reduce  the  strength 
sufficient  to  cause  failure. 

Section  115.  Partitions  in  Fireproof  Buildings. — i.  In  fireproof  build- 
ings, all  partitions  enclosing  public  halls  or  separating  the  spaces  occupied  by 
different  tenants,  and  all  other  permanent  partitions,  shall  be  built  not  less 
than  4  inches  thick,  of  solid  or  hollow  brick,  terra  cotta,  concrete,  or  gypsum 
blocks  or  tile;  or  not  less  than  3  inches  thick  of  reinforced  concrete  or  solid 
metal  lath  and  cement  plaster;  or  of  such  other  incombustible  materials  and 
thickness  as  shall  meet  the  requirements  of  the  partition  fire  test.  The 
required  thickness  for  block  or  tile  partitions  shall  be  exclusive  of  plaster. 
All  such  partitions  shall  be  securely  fastened  to  the  fireproof  construction 
of  the  floor  and  ceiling.  All  bricks,  blocks  or  tile  shall  be  laid  with  broken 
joints. 

2.  All  partitions  not  enumerated  above  shall  be  of  incombustible  materials, 
except  for  woodwork  permitted  in  Section   no,  paragraph   5. 

3.  All  partitions  In  fireproof  buildings  shall  be  independently  supported  at 
each  floor  level,  and  where  lateral  support  is  not  sufficient  they  shall  be 
stiffened  by  such  steel  reinforcement  encased  in  the  construction  as  the 
Superintendent  may  require  and  approve. 

4.  Structural  steel  members  necessary  for  supporting  a  partition,  or  for 
framing  doorways  or  other  openings  through  it,  shall  be  protected  by  at 
least  I  inch  of  fireproofing.  Cement  plaster,  or  cement-tempered  plaster  may 
be    accepted    for    this    purpose    if   properly    keyed. 

Note. — The  importance  of  fireproofing  structural  framework,  or  reinforcing 
membeis  in  partitions,  must  not  be  ignored  or  underestimated.  It  is  a'  fatal 
weakness  in  a  large  proportion  of  otherwise  very  efficient  constructions  of 
this  class.  In  nearly  every  fire  of  any  magnitude,  involving  high  grade 
construction,  fire  resistive  partitions  are  rendered  worthless  by  excessive  ex- 
pansion of  unprotected  steel  framework  contained  in  them.  In  some  cases 
expansion   joints    in   such   steel   members   have    been    used    with   success. 

5.  Reinforced  concrete  for  partitions  shall  be  as  required  in  Sections  120-125 
and   162-168.     Terra  cotta  tile  shall  be  porous  or  semi-pofioiKii  b^itcqi^m^  L&d 
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if  hollow,  shall  have  two  cells  in  the  thickness,  with  the  thickness  of  shells 
inclusive  of  plaster  key,  not  less  than  % .  inch,  and  the  thickness  of  webs 
not  less  than  %  inch.  The  shells  and  webs  of  hollow  gypsum  or  concrete 
blocks  or  tile  shall  be  not  less  than  %  inch.  Gypsum  shall  be  used  only  in 
dry  locations.  Metal  lath  and  studding  shall  conform  to  the  requirements 
of  Section   113. 

Note. — Gypsum  blocks,  or  so-called  "plaster  blocks,"  or  "cinder  plaster 
blocks,"  have  a  high  percentage  of  absorption,  and  when  wet  they  lose  con- 
siderable of  their  strength.  They  should  not  be  used  in  contact  with  damp 
surfaces,  or  where  likely  to  become  wet.  Such  blocks  are  also  liable  to 
deteriorate  when  subjected  to  temperatures-  in  excess  of  200°  Fahr.  for 
considerable  periods  of  time.  They  should  not  be  used  where  such  unusual 
temperatures  prevail. 

6.  All  openings  in  public  hallway  partitions  shall  be  protected  by  approved 
fire  doors  or  fire  windows.  Approved  fire  doors  may  be  permitted  in  a  parti- 
tion separating  tenants  in  a  building,  but  no  glass  shall  be  permitted  in  open- 
ings in  such  partitions. 

Note. — Openings  of  any  kind  in  partitions  separating  tenants  are  to  be 
avoided  wherever  possible.  They  are  always  a  source  of  danger  in  case 
of  fire. 

7.  If  a  stair  hallway  be  considered  as  a  part  of  the  stairway,  and  the 
latter  is  not  separately  enclosed  as  required  by  Section  90,  then  the  enclosing 
partitions  for  the  hallway  shall  be  considered  as  the  stairway  shaft,  jnd  shall 
be   built   according  to   the   requirements   of   Section   90. 

8.  If  the  partition  surrounding  a  public  hallway  be  erected  in  nccordancc 
with  the  requirements  for  a  fire  exit  partition,  it  may  be  considered  as  a 
horizontal  exit  for  an  occupancy  equal  to  area  of  the  hallway  in  square  feet 
divided  by  three. 

Note. — The  requirements  for  partitions  specified  in  this  section,  should  not 
be  interpreted  to  exclude  the  use  of  cork  or  other  material  not  readily 
flammable,  when  used  in  refrigeration  plants  for  insulating  purposes,  and 
when  installed  in  a  manner  satisfactory  to  the   Superintendent. 

Kite  exit  partitions,   Sec.   47. 

Horizontal  exits.   Sec.   46,  par.   2    (c). 

Section  116.  Fire-resistive  Partitions  in  Non-Fireproof  Buji.dings. — 
I.  In  non-fireproof  buildings  of  Classes  B,  C,  D,  and  E,  all  partitions  enclos- 
ing public  hallways,  or  separating  the  spaces  occupied  by  different  tenants, 
shall  cither  be  built  as  required  in  Section  115,  or  they  may  be  built  of  not 
less  than  3-inch  approved  solid  or  hollow  partition  blocks  or  tile,  or  by 
3-inch  hollow  or  2-incir  solid  metal  studding  and  lath  with  cement 
plaster,  or  by  2x4  inch  wooden  studding  with  metal  lath  and  %  inch  of 
cement  or  cement-tempered  plaster  on  each  side;  or  of  any  other  materials 
and  thickness  as  shall  meet  the  requirements  of  the  partition  fire  test.  Wooden 
studs  shdll  be  set  with  the  4-inch  dimension  at  right  angles  to  the  plane  of 
the    wall. 

2.  All  such  partitions  shall  be  fire-stopped  the  full  depth  of  the  floor  beams 
at  each  floor  level  in  the  manner  specified  in   Section  97. 

3.  Openings  in  such  partitions  shall  be  protected  by  fire  doors  and  windows 
as  specified  in  Section  115. 

4.  The  principles  governing  hallway  partition  construction  as  stated  in 
Section  115,  paragraphs  7  and  8,  shall  apply  to  the  construction;  of  like 
partitions  in  non-fireproof  buildings,  consistent  with  the  requirements  of 
Section    93    for    such    construction.  Digitized  by  VjOOQ IC 
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Reinforced  Concrete  Construction ' 
General  Requirements 

Section  117.  Definition. — The  term  **  reinforced  concrete"  in  this  Code 
shall  mean  an-  approved  concrete  mixture  in  which  steel  is  embedded  in  such 
a  manner  as  to  resist  the  tensile  stresses  and  to  add  rigidity  and  strength 
to    concrete    in   compression. 

Section  118.  Approved  foe  all  Types  of  Buildings. — Reinforced  concrete 
will  be  approved  for  all  types  of  building  construction,  provided  ihe  design 
conforms  wit^  good  engineering  practice,  and  the  working  stresses  do  not 
exceed  those  herein  specified.  The  construction  shall  meet  the  requirements 
of  this  Code  in  all  respects,  and  in  addition  shall  conform  to  such  other 
rules  as  may  be  issued  by  the  Superintendent .  of  Building  Construction  or 
State   authorities   haying  jurisdiction. 

Section  119-  Construction  Plans  and  Specifications. — i.  The  plans 
and  specifications  required  to  be  filed  with  the  Superintendent  shall  be 
accompanied  by  stress  computations  and  descriptions  showing  the  general 
arrangement  of  the  entire  construction  in  all  important  details,  including  the 
size,  length,  and  points  of  bending  of  all  reinforcement,  the  qualities,  pro- 
portions, and  methods  of  mixing  the  materials  used  in  the  concrete  an(d  the 
dead  and  live  loads  each  floor  is  designed  to  carry. 

2.  All  such  plans  and  specifications  shall  be  signed  by  the  architect, 
engineer,  contractor  or  person  applying  for  the  permit.  In  no  case  shall  the 
construction  deviate  from  the  approved  plan^  and  specifications  except  by 
written   consent  of   the   Superintendent  of   Building  Constructions 

Specifications  for  Materials 

Section  120.  Quality  of  Concrete. — i.  The  concrete  shall  consist  of  a 
mixture  of  a  plastic  or  viscous  consistency  of  one  part  of  cement  to  not 
more  than  six  parts  of  aggregate,  fine  and  coarse,  either  in  the  proportion 
of  one  part  of  cement,  two  parts  of  sand  and  four  parts  of  stone  or  gravel, 
or  in  such  proportion  as  to  produce  a  maximum  density.  Such  concrete  shall 
develop  a  crushing  strength  of  at  least  2,000  lbs.  per  square  inch  at  28  days 
when  made  under  laboratory  conditions  of  manufacture;  the  materials  and 
consistency  being  practically  the  same  as  that  used  in  the  field.  Test 
specimens  shall  be  removed  from  moulds  as  soon  as  well  set  and  stored  in 
damp   sand   until   tested. 

Note. — For  important  work  the  best  proportions  of  the  component  materials 
should  be  carefully  determined  by  density  experiments  and  the  relative  pro- 
portions changed  to  meet  varying  sizes  of  fine  and  coarse  aggregate  to  secure 
maximum   density. 

The  concrete  mixture  should  be  of  such  consistency  that  tamping  will 
readily  bring  water  to  the  surface,  but  should  not  .be, so  wet  that  the  coarse 
aggregate  will  tend  to  separate  and  settle  at  the  bottom.  Excess  of  water 
usually  leaks  from  the  forms  carrying  cement  ,  with  it,  thus  weakening  the 
concrete,  and  leaving  it  porous  or  "  honey-combed."      ♦ 

Weight  of  concrete,   Sec.   63. 

2  Concrete  in  the  proportion  of  one  part  of  ccrtient  to  fotlr  anl  one-half 
parts  of  aggregate,  which  may  be  desirable  for  special  work  such  as  columns, 
shall  develop  a  crushing  strength  of  not  less  than  2,400  pounds  j^r  square 
inch  at  28  days,  and  the  working  stress  of  such  concrete  may  bef  increased 
20  per  cent  over  that  permitted  elsewhere  in  this  Part. 

3.  Each  test  shall  consist  of  a  set  of  at  least  three  duplicate  specimens 
in  the  shape  of  cylinders  with  a  height  of  double  the  diameter;  or  cubes - 
having  a  least  dimension  of  6  inches.     Cubes  shall  be  tested  standinjp^^d 
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and  75  per  cent  of  the  resuking  test  sUenfirth  shall  be  assumod  as  the  strength 
of  the  standard  cylinder  specimen  8  inches  in  diameter  and  16  inches  high. 
The  average  of  the  three  tests  shall  be  taken  as  th^  result  for  record.  The 
smallest  dimension  of  the  test  piece  should  be  at  least  four  times  the  size 
of  the  coarsest  particle  of  stone. 

NoTB. — The  standard  form  of  concrete  test  specimen  generally  recom- 
mended by  testing  authorities  is  a  cylinder  8  inches  in  diameter  and  16  inches 
high.  This  shape  of  specimen  is  advised.  Moulds  for  such  specimens  arc 
easily  made  by  splitting  sections  of  ordinary '  stove  pipe. 

Quality    of    cinder    concrete,    Sec.    167. 

Section  121.  Quality  of  Cement. — All  cement  used  in  reinforced  con- 
crete  shall  be   Portland  cement. 

Section  122.  Quality  op  Fine  Aggregate. — i.  Fine  aggregate  s-iall  con- 
sist of  sand,  crushed  stone,  or  gravel  screenings,  passing  when  dry  a  screen 
having  %  inch  diameter  holes  and  not  more  than  6  per  cent  passing  a 
sieve  having  100  meshes  per  lineal  inch.  It  ^hall  be  clean  and  free  from 
quicksan'd,  vegetable  loam,  perishable  organic  matter,  or  other  deleterious 
materials. 

Note. — Sand  with  a  gradation  of  grains  from  fine  to  coarse  is  desirable. 
Silt  in  sand  which  contains  a  small  percentage  of  organic  materials,  such  as 
vegetable  loam,  renders  the  aggregate  unfit  for  use.  Clay  in  small  quantities, 
not  exceeding  6  per  cent,  is  not  necessarily  injurious,  and  may  be  beneficial 
by  increasing  the  density.  Pit  and  stream  sands  are  usually  of  good  quality, 
but  drift  sand  is  ordinarily  of  too  fine  a  grain  to  make  good  concrete.  It  is 
recommended  that  the  mesh  composition  of  sand  shall  be  sucb  that  100  per 
cent  pastes  a  %-inch  mesh  sieve;  that  not  more  than  75  per  cent,  and  not 
less  than  40  per  cent,  by  weight,  passes  a  20-mesh  sieve;  that  not  more  than 
30  per  cent,  and  not  less  than  2  per  cent,  passes  a  50-mesh  sieve;  and  that 
not  more  than  6  per  cent  passes  a  loo-mesh  sieve. 

The  quality  of  the  sand  used  in  concrete,  is  as  important  as  the  quality  of 
the  cement.  Failure  to'  recognize  this  fact  has  produced  many  disastrous 
results. 

2.  Fine  aggregate  «hall  always  be  tested.  It  shall  be  of  such  quality  that 
mortar  composed  of  one  part  Portland  cement  and  three  parts  fine  aggregate 
by  weight,  when  made  into  briquettes  shall  show  a  tensile  strength  at  least 
equal  to  the  strength  of  i  :3  mortar  of  the  same  consistency  made  with  the 
same  cement  and  standard  Ottawa  sand,  and  shall  show  a  tensile  strength 
of  at  least  180  lbs.-  per  square  inch  at  the  age  of  7  days.  If  the  aggregate 
be  of  poorer  quality,  the  proportion  of  cement  should  be  increased  to  secure 
the  desired  strength. 

Note. — Standard  Ottawa  sand  is  a  natural  sand  obtained  at  Ottawa,  Illinois, 
which  is  prepared  and  sold  by  the  Ottawa  Silica  Company  under  the  direc- 
tion of  the  Special  Committee  on  Uniform  Tests  of  Cement  of  the  American 
Society  of  Civil  Engineers.  It  is  graded  in  size  to  pass  a  screen  having  20 
meshes,  and  be  retained  on  a  screen  having  30  meshes  per  linear  inch. 

Section  123.  Quality  of  Coarse  Aggregate. — i.  Coarse  aggregate  shall 
consist  of  crushed  stone  or  gravel  which  is  I'etained  on  a  screen  having  % 
inch  diameter  holes,  and  shall  be  graded  in  size  from  small  to  large  particles. 
The  maximum  size  shtU  be  such  that  all  the  aggregate  will  pasb  through  a 
1^4  inch  diameter  ring.  The  particles  shall  be  clean,  hard,  durable,  and 
free   from   all  deleterious  material. 

Aggregates    for   fireproofing.    Sec.    164. 

2.  Gravel  shall,  be  free  from  clay  or  loaip  except  such  as  naturally  adheres 
to  the  particles.  If  clay  or  loam  is  In  such  quantities  that  it  cannot  be 
readily  removed  by  dipping  in  water  or  brushing  lightly  with  the  ban(^  the 
gravel  shall  be  washed.  When  bank-run  gravel  is  used,  it  should  be  screened 
from  the  sand  and  remixed  in  the  proper  proportion  for  fine  and  coarse 
aggregate.  Digitized  by  CjOOQ Ic 
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Note. — It  is  strongly  recommended  that  all  gravel  used  for  reinforced 
concrete  be  thoroughly  washed.  Attention  is  also  called  to  the  fact  that  ^ure 
quartz  gravel  is  not  as  good  a  fire-resisting  aggregate  as  trap;  also  that  lime- 
stone or  dolomite  is  likely  to  calcine  and  granite  to  spall  when  exposed  to 
high  heat.  Conglomerates  consisting  essentially  of  coarse  grained  sandstones 
make  good  concrete,  but  slate  and  shale  give  poor  results  as  a  rule. 

Sbctxon  124.  Quality  of  Reinforcsment. — ^All  steel  used  in  reinforced 
concrete  shall  meet  t)\c  requirements  of  the  current  Standard  Specifications 
for  Billet-Steel  Concrete  Reinforcement  Bars  of  the  American  Society  for 
Testing  Materials.  No  Reinforcement  produced  from  re-rolled  rails  or 
second-hand  materials  shall  be  used  in  any  structure  without  the  written 
permission  of  the  Superintendent.  If  such  reinforcement  be  permitted,  it 
shall  meet  the  requirements  of  the  current  Standard  Specifications  for  Rail- 
Steel  Concrete  Reinforcenient  Bars  of  the  American  Society  for  Testing 
Materials.  Cold  drawn  steel  wire  made  from  open  hearth  billets  of  the 
grade  of  rivet  steel  or  from  Bessemer  billets,  may  be  used  in  floor  and  roof 
slabs,  column  hooping,  and  reinforcement  for  temperature  and  shrinkage 
stresses.  It  shall  have  an  ultimate  strength  of  not  less  than  85,000  lbs.  per 
square  inch  and  test  specimens  shall  bend  180  degrees  around  their  own 
diameter  without  fracture.  ^ 

I 

Factors  Controlling  Design 

Section  125.  Allowable  Unit  Working  Stresses. — In  the  design  of 
reinforced  concrete  structures  when  the  concrete  is  mixed  in  the  proportions 
of  1:2:4,  and  satisfies  the  strength  requirements  of  Section  120,  the  fol- 
lowing  working  stresses    for  concrete   and   steel   shall   be   used: 

Lbs.  per 
Sq.  m. 

Extreme  fibre  stress  on  contrete  in  compression 650 

Concrete  in  direct  compression 500 

Shearing  stress  in  concrete  when  diagonal  tension  is  not  resisted  by  steel  40 

Shearing  stress,  in  concrete  when  web  reinforcement  is  proportioned  to 

resist  two-thirds  of  the  external  vertical  shear 120 

Bond  stress  between  concrete  and  plain   reinforcing  bars :...  80 

Bond  stress  between  concrete  and  deformed  bars 100 

Tensile   stress   in   steel    reinforcement > 16,000 

Bearing  on  a  concrete  surface  having  a  total  area  at  least  three  times  the 
area  of  the  loaded  portion,  may  be  taken  at  37^^  per  cent  of  the  ultimate 
strength   of  the   concrete,   when   all   other  stresses   arc  properly   provided   for. 

Compressive  stress  in  steel  as  specified  in  Sections  142,  143  and  144,  or 
in  the  ratio  of  the  moduli  of  elasticity  of  steel  to  concrete. 

In  continuous  beams  the  extreme  fibre  stress  in  concrete  in  compression 
may   be  increased    15   per  cent   adjacent   to  the   supports. 

In  proportioning  the  section  of  concrete  for  shearing  stresses,  the  elTective 
depth   from   center  of   compression   area   to   center  of   steel  shall   be  used. 

Stresses  in  concrete  mixed  in  the  proportions  of  1:1^:3  in  accordance  with 
Section  120  may  be  increased  20  per  cent  in  excess  of  the  above  stresses. 

Working  stresses  on  concrete  in  walls,   Sec.    147. 

Working  stress  on  cinder  concrete.  Sec.   167,  par.   5. 

Other  working  stresses  on  concrete.  Sec.  65,  par.  3. 

Section  126.  General  Assumptions. — As  a  basis  for  calculating  the 
strcnj?th  of  beams  and  slabs,  the   following  assumptions  shall   be  made: 

(a)  A   plane  section   before  bending  remains  plane  after  bending. 

(b)  The  modulus  of  elasticity  of  concrete  in  compression  remains  constant 
within  limits  of  working  stresses  fixed  in  this  Code. 

(c)  The   adhesion  between  concrete  and  reinforcement  is  perf6c^QQ  I  p 
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(d)  Concrete   has  no  value   in   resistance  to  tension.' 

(e)  Initial  stress  in  the  reinforcement  due  to  contraction  or  expansion  in 
the  concrete  is  negligible.  / 

(f)  The  ratio  of  the  moduli  of  elasticity  of  1:2:4  stone  or  gravel  concrete 
and   steel   inflexure   shall   be   taken  as    1:15. 

■(g)  The  ratio  of  the  moduli  of  elasticity  of  i:i%:3  Stone*  or  gravel  concrete 
and  steel  inflexure  shall  be  taken  as   1:12. 

The   span   length   for  beams,  and  slabs  shall   be   taken   as  the   distance   from 
center  to  center  of  supports,  but  need  not  be  taken  to  exceed  the  clear  span 
plus  the  over-all  depth  of  beam,  or  slab.     Brackets  shall  not  be  considered  as 
reducing  the  clear  span  in  the  sense  here  intended.         » 
Weight  of  concrete,   Sec.   6.3. 

Bending  Moments  of  Uniformly  Loaded  Floor  and  Roof  Slabs 

Section  127.  Bending  Moments  of  Slabs  Supported  on  Two  Sides. — 
The  bending  moments  of  slabs  due  to  uniformly  distributed  loads  shall  be 
taken  as  not  less  than: 

%  WL,  at  center  when  simply  supported. 

lyio  WL,  at  center  and  continuous  support  when  supported  at  one  end 
and  continuous  at  the  other. 

1/12  WL,  at  center  and  intermediate  supports  when  continuous  over  more 
than  .two   supports. 

W  =:  Total    distributed    dead    and    live    loads. 

L  =  Length  of  span. 

Section  128.  Bending  Moments  of  Slabs  Supported  on  Four  Sides. — 
The  bending  moments  of  uniformly  loaded  slabs  supported  on  four  sides  and 
reinforced  in  both  directions  shall  be  taken  as: 

%   WL,   at   center   in   each    direction   when   simply   supported. 

lyio  WL,  at  center  and  continuous  support  when  continuous  ever  one 
support. 

I /12  WL,  at  both  center  and  supports  when  continuous,  over  two  or  more 
supports. 

Section  129.  Distribution  of  Loads. — The  distribution  of  loads  on  square 
and  rectangular  slabs  supported  on  four  sides,  shall  be  determined  by  the 
following   formula: 

in  which  r  =  the  proportion  of  the  load  supported  by  the  transverse  reinforce- 
ment. 

/  =  length  of  slab. 

b  =  breadth    of    slab. 
If  the  length  of  the  slab  exceeds  iV^  times  its  width,  the  , transver.se  reinforce- 
ment  shall   be   designed   to   carry   the   entire    load. 

Bending  Moments  of  Uniformly  Loaded  Beams  and  Girders 

Section  130.  Term  Beam  Defined. — The  term  beam  as  used  in  this  section 
shall  be  understood  to  include  the  term  girder,  unless  sjiecific  '  distinction 
be  made. 

Section  131.  Beams  with  Simple  or  Continuous  Supports. — The  bending 
moments  of  uniformly  loaded  beams  shall  be  taken   as: 

1/^  WL,  at  center  when  simply  supported. 

i/io  WL,  at  center  and  over  continuous  support  when  supported  'at  one 
end  and  continuous  at  the  other.  Digitized  by  CjOOQ IC 
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1/12  WL,  at  both  center  and  supports  when  continuous  over  more  than 
two  supports. 

Section  132.  Beams  Supporting  Rectangulae  Slabs. — 1.  Be^ms  sup- 
porting rectangular  slabs  reinforced  in  both  directions,  shall  be  assumed  to 
take   the   proportions  of  load  as   determined  by   the   formula   iti   Section    129. 

2.  The  bending  moments  of  slabs,  beams  or  girders  which  are  continuous 
for  two  spans  only,  shall  be  taken  as  H  WL  over  the  central  support  and 
i/io  WL  near  the  middle  of  the  span. 

General  Design  Requirements  for  Beam  and  Slab  Construction 

Section  133.  Special  Members. — The  bending  moments  for  slabs  or  beams 
with  spans  of  unusual  length  or  due  to  other  than  uniformly  distributed  loads, 
shall  be  more  exactly  computed  according  ,to  accepted  theory. 

Section  134.  Continuous  Floor  Construction. — In  continuous  slabs, 
beams  or  girders,  full  provision  shall  be  made  for  the  negative  bending 
moments  over  the  supports  by  placing  sufficient  negative  reinforcement  near 
the  top  of  the  members  to  resist  the  stress.  This  reinforcement  shall  pass 
beyond  the  point  of  inflection  in  beams  or  girders  and  be  anchored  In  the 
compression  concrete  of  the  member  a  sufficient  distance  to  develop  the  full 
strength  of  the  steel  through  bond  stress.  The  critical  section  of  continuous 
construction  is  over  the  support.  ^\ 

Note.— It  is  not  considered  best  practice  to  design  a  beam  as  simply  sup- 
ported, with  a  bending  moment  of  %  WL  at  the  center,  and  to  provide  an 
arbitrary  amount  of  reinforcement  over  the  support,  such  as  one-half  of  that 
at  the  center. 

Sectiqn  135.  Web  Reinforcement  in  Reams. — i.  Members  of  web  re- 
inforcement in  beams  shall  be  designed  for  diagonal  tensile  stresses,  using 
the  calculated  vertical  shearing  stress  as  a  measure  of  these  tensile  stresses. 
They  shall  not  be  spaced  to  exceed  three- fourths  of  the  depth  of  the  beam 
\\\.  that  portion  where  the  web  stresses  exceed  the  allowable  value  of  the 
concrete  in  shear.  It  shall  be  assumed  that  two-thirds  of  the  external  vertical 
shear  is  provided  for  by  the  steel  in  calculating  the  stresses  in  stirrups, 
diagonal  web  members,  and  bent  up  bars;  and  the  remaining  one- third  of  the 
shear  shall  be  assumed  as  taken  by  the  concrete,  in  accordance  with  Sec- 
tion   125. 

2.  Web  members  such  aib  stirrups,  when  not  rigidly  attached  to  the  longi- 
tudinal steel  at  both  top  and  bottom,  shall  be  carried  around  and  bent  over 
the  longitudinal  members  or  otherwise  sufficiently  anchored  in  the  com- 
pression concrete  to  develop  the  tensile  stresses  existing  in  them.  Diagonal 
members  shall  be  rigidly  attached  to  the  longitudinal  steel  on  the  tension  side. 
Stirrups  at  the  ends  of  continuous  girders  shall  be  inverted  with  the  free 
ends  anchored  in  the  compression  concrete  at  the  bottom  of  the  beam.  The 
length  of  stirrups  or  diagonals  embedded  in  compression  concrete  shall  be 
sufficient  to   develop  their   entire  tensile   stresses  by   adhesion. 

Section  136.  T  Beams. —  i.  Where  adequate  bond  is  provided  at  junction 
between  slab  and  beam,  and  the  two  are  cast  at  the  same  time  as  a  unit, 
the  slab  may  be  considered  as  an  integral  part  of  the  beam,  provided  its 
eftective  width  shall  not  exceed  on  either  sid«  of  the  beam  one-sixth  of  the 
span  length  of  the  beam,  nor  be  greater  than  four  times  the  thickness  of  the 
slab  on  either  side  of  the  beam;  the  measurements  being  taken  from  line  of 
intersection   between  slab   and   beam. 

2.  In  beams  with  T  sections  the  width  of  the  stem  only  shall  be  used  in 
calculating  longitudinal  shear  and  diagonal  tension.  An  effective  bond  shall 
be   provided   at   the   junction   of   the   beam   and   slab   wh^nzefih^ vprQ£l^lL@lab 
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reinforcement  is  parallel  to  the  beam,  by  the  use  of  transverse  reinfoi^cement 
extending  over  the  beam  and  well  into  the  slab. 

3.  In  the  design  of  T  beams  acting  as  continuous  beams,  sufficient  com- 
pression area  shall  be  provided  on  the  under  side  at  the  support,  either  by 
the  use  of  properly  designed  brackets  or  by  embedding  additional  compression 
steel  in  the  concrete  extending  to  the  point  of  inflection. 

Section  137.  Minimum  Jhickness  op  Slabs. — ^The  minimum  thickness  of 
concrete  floor  slabs  shall  be  4  inches,  and  for  roof  slabs  3%  inches. 

Section  138.  Floor  Finish. — Cement  or  concrete  floor  flnish  shall  not 
be  considered  in  calculating  the  strength  of  floor  members  unless  it  be  laid 
at  the  same  time  they  are  cast.  ' 

Section  139.  Composite  Floors. — ^The  design  of  composite  floors  consist- 
ing of  rows  of  hard-burned  terra  cotta  tllew  concrete  blocks,  sheet  steelf  or 
other  approved  fire  resistive  material,  separated  by  ribs  or  beams  of  reinforced 
stone  or  gravel  concrete,  shall  conform  to  all  the  provisions  of  this  Part  so 
far  as  they  are  applicable.  The  ribs  shall  be  at  least  5  inches  wide.  The 
tile  or  blocks  shall  be  regarded  only  as  fillers,  and  shall  not  be  i.onsidered 
in  the  design  except  as  dead  load.  If  designed  as  a  T-beam,  the  slab  portion 
above  the  fillers  shall  be  at  least  2^  inches  thick,  and  shall  consist  of  the 
same  mixture  used  for  the  ribs,  and  shall  be  cast  at  the  same  time;  under 
these  conditions  it  may  be  considered  in  the  design  of  the  ribs.  Tile  or 
concrete  block  fillers  shall  be  lai^^ivith  Portland  cement  mortar  joints,  and 
shall  be  thoroughly  wet  before  the  concrete  is  poured.  The  protection  for 
steel  bars  in  bottom  of  ribs  shall  be  the  same  as  for  other  beams. 

To  resist  expansion  stresses,  reinforcement  bars  not  less  than  1^  inch 
diameter,  shall  be  placed  in  the  concrete  at  right  angles  to  the  ribs  and  above 
the  fillers,  at  intervals  not  exceeding  30  inches. 


Design   of   Columns   and   Walls 

Section  140.  Length  op  Columns. — The  length  of  columns  shall  be  taken 
as   the   maximum   unsupported   length. 

The  unsupported  length  of  columns  shall  not  exceed  fifteen  times  the  least 
side  or  diameter,  and  in  no  case  shall  the  least  side  or  diameter  be  less  than 
12  inches.  The  length  shall  include  any  corbel  or  knee  brace  attached  to  the 
column. 

Section  141.  Columns  Without  Hoops. — Axial  compression  in  reinforced 
concrete  columns  without  hoops,  bands,  or  spirals,  containing  not  less  than 
%  per  cent,  nor  more  than  3  per  cent  of  vertical  reinforcement,  secured 
against  lateral  displacement  by  steel  ties  placed  not  farther  apart  than  fifteen 
diameters  of  the  vertical  rods,  nor  more  than  12  inches,  shall  not  exceed 
500  pounds  per  square  inch  on  the  effective  area  of  the  concrete,  plus  6,000 
pounds  per  square  inch  on  the  vertical  reinforcement.  The  percentage  of 
reinforcement  shall  be  calculated  upon  the  effective  area  of  the  column,*  which 
is  the  area  within  the  reinforcement.  Steel  ties  shall  be  not  less  than  %  inch 
in  diameter  or  least  dimension.  At  least  four  vertical  bars  shall  be  used 
in  every  reinforced  column,  and  no  bar  shall  have  an  area  of  less  than  % 
square  inch. 

Note. — Round  reinforced  concrete  columns  are  better  adapted  to  resist  fire 
than  square  ones.  The  latter  spall  badly  at  the  corners,  due  to  unequal 
expansion,  when  attacked  by  intense  heat.  A  round  column  or  one  approxi- 
mating that  shape  should  be  used  wherever  liable  to  be  subjected  to  fire. 
Some  authorities  advocate  the  encasing  of  concrete  columns  by  a  protective 
covering  of  some  material  to  prevent  spalling.  Round  concrete  columns  pro- 
tected by  only  an  inch  of  plaster  on  metal  lath,  sir^|J^g»^^(^(Jlg|^  resisted 
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an  intense  fire  excellently;  this  Indicates  that  even  such  protection  is  worthy 
of  careful  consideration.  In  such  construction  the  metal  lath  should  be  held 
securely  in  place  by  metal  clips  anchored  into  the  concrete.  Wraoping  the 
lath  with  wire  is  not  sufficient. 

Strength   test   requirements  for  concrete   and  steel,   Sees.    120  and   124. 

Section  142.  Columns  With  Hoops. — Axial  compression  in  reinforced 
concrete  columns  with  not  less  than  i  per  cent  of  hoops  or  spirals  (that  is, 
a  volume  of  steel  equal  to  i  per  cent  of  the  volume  of  concrete  within  the 
hoops  or  spirals  for  a  unit  length  of  column)  spaced  not  farther  apart  than 
one-sixth  of  the  diameter  of  enclosed  column,  but  in  no  case  more  than  3 
inches,  with  not  less  than  one  nor  more  than  4  per  cent  of  vertical  reinforce- 
ment, shall  not  exceed  75^  pounds  per  square  inch  on  the  effective  area  of 
the  concrete,  plus  9,000  pounds  per  square  inch  on  the  vertical  reinforcement. 
The  hoops  or  spirals  shall  be  uniformly  spaced,  and  shall  be  rigidly  attached 
to    at  least   four  vertical  bars  in   each   convolution. 

Columns  required  to  be  settled  before  beipg  built  upon,  Sec.  157,  par.  2. 

Section  143.  Structural  Steel  and  Concrete  Columns. — Axial  com- 
pression in  structural  steel  columns  thoroughly  encased  in  concrete  having 
a  minimum  thickness  of  4  inches  and  reinforced  with  not  less  than  1  per 
cent  of  steel  (Chat  is,  a  volume  of  steel  equal  to  i  per  cent  of  the  volume 
of  concrete  within  the  hoops)  equally  divided  between  vertical  reinforcement 
and  hoops  or  spirals  spaced  not  more  than  12  inches  apart,  may  be  taken 
at  16,000  pounds  i>er  square  inch  on  the  net  section  of  the  structural  steel, 
no  allowance  being  made  for  the  concrete  casing.  The  hoops  or  spirals  shall 
be  placed  not  nearer  than  i  inch  from  the  structural  steel,  or  nearer  than 
I  Yj  inches  from  the  outer  surface  of  the  concrete.  The  ratio  of  length  to 
least  radius  of  gyration   of  the  structural  steel  section   shall  not   exceed    120. 

Working  stresses  for  structural  steel.  Sec.  65. 

Section  144.  Columns  Constructed  with  Special  Concrete. — In  rein- 
forced concrete  columns  the  compression  on  the  concrete  may  be  increased 
20  per  cent  when  the  fine  and  coarse  aggregates  are  carefully  selected,  and 
the  proportion  of  cement  to  total  aggregates  increased  to  one  part  of  cement 
to  not  more  than  four  and  one-half  parts  of  aggregate,  fine  and  coarse,  either 
in  proportion  of  one  part  of  cement,  one  and  one-half  parts  of  sand  and 
three  parts  of  stone  or  gravel,  or  in  such  proportions  as  will  secure  the 
maximum  density.  The  unit  stress  on  the  vertical  reinforcement  in  such 
columns  shall  not  exceed  twelve  times  the  unit  stress  on   the  concrete. 

Section  145.  Columns  Eccentrically  Loaded. — Bending  stresses  in  columns 
due  to  eccentric  loads,  shall  be  provided  for  by  increasing  the  section  of  con- 
crete or  steel  so  that  the  total  unit  stress  shall  not  exceed  the  allowable 
woiJcing  stress  in  flexure. 

Section  146.  Steel  Base  Plates. — Suitable  steel  base  plates  or  castings 
shall  be  provided  at  the  bottom  of  columns  to  distribute  the  loads  over  the 
footings,  and  the  vertical  reinforcement  bars  shall  bear  squarely  on  these 
plates,  or  the  reinforcing  bars  shall  be  carried  down  into  an  enlarged  footing 
to  distribute  the  load  through  bond  stress. 

Section  147.  Walls. — Exterior  and  interior  bearing  and  non-bearmg  wa:Is 
of  reinforced  concrete  shall  be  securely  anchored  to  all  intersecting  walls, 
columns,  and  floors,  and  the  allowable  compressive  stress  shall  not  exceed 
250  pounds  per  square  inch.  The  thickness  shall  be  not  less  than  two-thirds 
that  specified  for  brick  walls,  and  in  no  case  less  than  8  inches.  All  such 
walls  shall  be  reinforced  with  steel  running  both  horizontally  and  vertically. 
The  amount  of  reinforcement  shall  be  not  less  than  1/5  of  i  per  cent  of  the 
cross-section  of  the  wall,  and  shall  be  equally  disposed  near  each  face  of 
^he  wall;  except  that  in  walls  or  partitions  8  inches  or  less  jp^^i|c|^^  the 
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reinforcement  may  be  placed  as  a  single  layer  in  the  middle.  Reinforcement 
shall  not  be  spaced  more  than  i8  inches  apart.  Additional  reinforcement  shall 
be  placed  around  wall  openings,  and  all  vertical  and  horizontal  reinforcement 
shall  be  wired  or  have  other  mechanical  bond  at  intervals  not  exceeding  iS 
inches  in  either  direction. 

Reinforced  concrete  partitions.   Sees.   90  and   115. 


General   Provisions   for    Design   of   Girderless    Floors   or    Flat 

Slabs 

Section  148.  Girdekless  Floors. —  i.  Girderless  floors  or  flat  slabs  con- 
sisting of  reinforced  concrete  slabs  resting  upon  columns  with  flaring  heads, 
with  or  without  drop  heads  or  column  caps,  and  in  which  no  beams  or  girders 
are  used,  except  around  openings  in  the  floor  or  along  walls,  shall  be  designed 
in  accordance  with  the  bending  moment  coefficients  and  stresses  specified  in 
this  Code.  No  empirical  formulas  based  on  the  results  of  tests  shall  be 
permitted^  but  the  design  shall  in  general  be  based  upon  the  principles  of 
continuous    or   cantilever   construction    as   herein    indicated. 

2.  The  methods  of  analysis  shall  be  as  follows: 

(a)  The  portion  of  the  slab  adjacent  to  the  column  shall  be  considered  as 
a  circular  plate  supported  at  the  center  forming  the  cantilever  portion.  The 
remainder  of  the  slab  shall  be  considered  as  a  simply  supported  portion 
suspended  from  the  cantilever  plates.  The  cantilever  portion  shall  be 
designed  for  a  uniform  load  over  its  area  equal  to  the  live  and  dead  load 
on  that  area  plus  a  concentrated  load  on  its  perimeter  equal  to  the  floor 
load  resting  on  the  suspended  portion  of  the  slab.  The  radius  of  the  cantilever 
plate  shall  be  the  average  distance  from  the  center  of  the  column  to  the  points 
of  inflection  of  the  slab. 

(b)  Or  the  slab  may  be  considered  as  consisting  of  a  series  of  continuous 
broad,  flat,  ^girders  reinforced  with  bands  of  steel  consisting  of  rods  sup- 
ported at  the  top  of  the  slab  over  the  columns  and  depressed  to  the  bottom 
of  the  slab  at  the  center  of  the  span.  These  bands  of  reinforcement  may  be 
arranged  to  run  in  two  directions  directly  from  column  center  to  column 
center;  or  in  four  directions,  the  former  bands  being  combined  with  rein- 
forcement  running  diagonally   from  column   to  column. 

Section  149.  Columns  for'  Girderless  Floors. — i.  The  column  capital 
shall  have  a  diameter  or  least  side  at  the  top  in  no  case  less  than  0.225  L 
where  L  is  the  length  of  side  of  the  square  equivalent  to  the  area  of  the 
rectangle  included  between  four  adjacent  columns.  The  thickness  of  the 
column  capital  at  this  diameter  shall  be  not  less  than  1^4  inches.  The  slope 
of  the  column  capital  shall  nowhere  exceed  an  angle  of  45  degrees  with  the 
vertical. 

2.  A  depressed  head  or  "  drop  "  may  be  cast  above  the  column  capital  and 
the  dimensions  of  this  cap  shall  be  not  less  than  0.4  of  the  side  of  the 
equivalent  square  panel.  

3.  The  point  of  inflection  shall  be  assumed  1/6  Vs^  from  the  center 
of  the  column. 

4.  The  width  of  bands  shall  be  such  as  to  properly  cover  the  panel  area, 
but  shall  not  be  wider  than  0.4  times  the  side  of  the  square  panel.  Where 
steel  is  provided  in  two  directions  only,  the  central  portion  of  the  panel 
shall  be  considered  as  a  slab  supported  on  four  sides. 

5.  Punching  shear  shall  be  calculated  at  the  edg^  of  the  column  shaft 
knd  shall  not  exceed  120  lbs.  per  sq.  inch.     In  computing  ^ea|^Il|[^]^^  for 
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the  purpose  of  detecraintng  resistance  to  diagonal  tension,  a  point  shall  be 
taken  at  a  distance  out  from  the  column  capital  equal  to  the  effective  depth 
of  the  slab. 

6.  Working  stresses  and  coefficients  shall  in  general  comply  with  Sections 
125,  and  127  to  132,  inclusive,  of  this  Code.  In  rectangular  panels,  the  long 
dimension  shall  not  be  more  than  four  thirds  times  the  short  dimension. 
Interior  columns  shall  be  cai)able  of  resisting  the  unbalanced  bending  moment 
produced  by  a  panel  with  live  lohd  adjacent  to  a  panel  without  live  load. 
Floor  slabs  at  walls  shall  be  considered  as  simply  supported  on  walls  or 
wall  beams.  If  the  proportion  of  the  slab  adjacent  to  a  wall  column  is 
assumed  as  a  cantilever,  the  wall  column  or  pier  shall  be  capable  of  resisting 
the  unbalanced  moment  produced  by  such  cantilever.  Bars  for  negative 
bending  moment  shall  extend  at  least  to  the  quarter  point  of  the  span,  and  if 
the  bars  have  a  greater  diameter  than  %  inch,  special  attention  shall  be 
given  to  bond  and  anchorage. 

Requirements  for  Reinforcement 

Section  150.  External  and  Internal  Defects. — All  rernforcemcnt  shall 
be  free  from  excessive  rust,  scale,  grease,  paint  or  any  coating  which  would 
tend  to  reduce  or  destroy  the  bond  between  the  steel  and  the  concrete.  Bars 
sliaiT  also  be  free  from  injurious  seams,  slivers,  flaws,  and  other  mill  defects. 
The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  ctnt  from 
the   standard   weight   of   the   lot   as  given   by   manufacturers'   handbooks. 

Section  151.  Placing  and  Spacing  uf  Reinforcement. — All  reinforce- 
ment shall  be  accurately  located  and  mechanically  secured  against  displacement 
during  the  placing  of  the  concrete.  Reinforcement  bars  for  slabs  shall  not 
be  spaced  farther  apart  than  two  and  one-half  times  the  thickness  6f  the 
slab.  The  spacing  of  parallel  bars  in  beams  shall  be  not  less  than  three 
diameters  from  center  to  center,  nor  less  than  one  inch.  The  clear  spacing 
between  two  layers  of  bars  shall  be  not  less  than  one  inch.  In  restrained 
or  cantilever  construction  reinforcement  shall  extend  beyond  the'  supports 
into  adjacent  construction  for  full  and  effective  anchorage,  except  that  when 
this  is  not  practicable,  anchorage  shall  be  obtained  by  other  means  acceptable 
to  the  Superintendent.  Special  reinforcement  shall  be  provided  to  resist 
concerttiated  loads.  Slabs  reinforced  in  one  direction  only,  shall  have 
shrinkage  rods  not  less  than  ^4  inch  in  diameter  placed  above  the  leinforce- 
ment  arid  spaced  not  over  2  feet  apart.  All  reinforcement  shall  be  assembled 
well  in  atlvance  of  the  placing  of  the  concrete,  and  shall  be  inspected  and 
approved  by  the  Superintendent  before  concrete  Js  deposited. 

Section  152.  Protection  for  Reinforcement. — Steel  reinforcement  shall 
have  a  minimum  protection  of  concrete  on  all  sidc^  as  follows: 

In  cohimns  and  girders,  2  inches;  in  beams  and  walls,  1%  inches;  and 
in  floor  slabs,   i  inch. 

The  steel  in  footings  for  walls  and  columns  shall  have  a  minimum  protec- 
tion of  4  inches  of  concrete. 

Section  153-  Splices  in  Reinforcement.— Splices  in  reinforcing  bars 
shall  be  designed  to  transfer  the  calculated  stress  at  the  joint  either  by 
bond  and  shear  through  the  concrete,  or  by  bearing  between  ihe  steel. 
Splices  at.4)oints  of  maximum  stress  shall  be  avoided  where  possible.  Lap 
splices  of  bars  shall  be  of  sufficient  length  to  develop  the  required  stress  in 
the  joint  without  exceeding  the  bond  stress  permitted.  In  columns  where 
necessary  to  splice  vertical  bars  having  areas  in  excess  of  1%  sq.  inches, 
it  shall  be  done  by  cutting  the  bars  squarely  at  the  ends  and  enclosing  them 
in   a  close-fitting  pipe  sleeve,   or   uniting  them   by   a  thread 
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mechanical  connectioTn  that  will  transfer  the  load  from  one  to  the  other 
without  stressing  the  adjoining  concrete  excessively.  The  middle  point  of 
such  splices  shall  be  within  one  foot  above  the  floor  level.  Splices  in  column 
hooping  where  necessary,  shall  be  sufficient  to  develop  the  full  strength  of 
the  hooping. 

Workmanship  for  Concrete 

Section  154.  Mixing. — i.  The  separate  ingredients  of  concrete  shall  be 
accurately  measured,  and  thoroughly  mixed  in  a  manner  to  produce  a  homo- 
geneous mass  of  uniform  color  and  of  such  a  viscous  consistency  that  it  will 
flow  to  all  parts  of  the  forms  without  separation  of  the  coarse  aggregate 
from  the  mortar. 

Note. — It  is  usual  practice  to  consider  a  bag  of  Portland  cement  weighing 
not  less  than  94  lbs.,  as  equivalent  to  one  cubic   foot. 

2.  Except  when  limited  quantities  are  required,  or  when  the  conditions  of 
the  work  make  hand  mixing  preferable,  mixing  shall  be  done  in  a  mechanical 
batch  mixer  from  which  a  complete  batch  shall  be  discharged  before  another 
is  received.  All  ingredients  shall  be  mixed  together  for  at  least  one  minute, 
the  mixer  making  at  least  20  revolutions.  The  speed  of  the  mixer  shall  not 
exceed  20  revolutions  per  minute.  In  all  cases,  the  mixing  shall  be  continued 
until  the  consistency  is  constant. 

Section  155.  Depositing. — i.  Concrete  shall  be  deposited,  thoroughly 
tamped  and  worked  to  place  before  initial  set  begins,  and  shall  then  be  kept 
free  from  shocks  and  disturbances  of  every  kind  until  it  has  fully  hardened. 
Retempering  of  concrete   after  its  initial  .set  shall   be   prohibited. 

2.  When  the  work  of  placing  concrete  is  suspended,  all  necessary  grooves 
for  joining  future  work  shall  be  made  before  the  concrete  sets. 

3.  Before  depositing  new  concrete  upon  concrete  already  set,  the  contact 
surfaces  shall  be  roughened,  cleaned  of  all  laitance  and  loose  material,  and 
then  drenched  with  water  and  slushed  with  a  grout  consisting  of  one  part 
Portland  cement  and  not  more  than  two  parts  ,fine  aggregate  immediately 
before  placing  the  fresh  concrete.  If  a  watertight  joint  is  desired,  or  if 
granolithic  is  to  be  deposited  on  old  concrete,  it  is  necessary  that  a  neat 
cement   grout   be   used. 

Section  156.  Drying  and  Freezing. — i.  When  fresh  concrete  is  exposed 
to  rapid  drying  conditions,  precautions  shall  be  taken  to  keep  it  moist  for  a 
period  of  at  least  seven  days  after  being  deposited.  Where  practical  this 
shall  be  done  by  a  covering  of  wet  sand,  burlap  or  some  other  equally  effec- 
tive  method.     Thorough   wetting   twice   a   day   is   recommended. 

2.  In  freezing  weather  all  materials  used  in  making  concrete,  particularly 
the  coarse  aggregate,  shall  be*  heated,  and  [)recautions  shall  be  taken  to  prevent 
the  concrete  freezing  while  being  Meposited;  and  thereafter  it  shall  be  kept 
above  40  degrees  until  the  concrete  has  obtained  its  final  set,  but  such  period 
shall  be  not  less  than   72  hours. 

Section  157.  Joints. — i.  Construction  joints  shall  be  avoided  wherever 
practicable,  but  when  they  are  necessary  they  s^all  be  located  at  svrth  sections 
as  will  least  affect  the  structural  strength  and  shall  be  made  at  right  angles 
to  the  direction  of  princi])al  compressive  stress.  In  members  of  floor  systems, 
joints  shall  be  made  within  the  middle  third  of  the  span  where  practicable. 
In  columns,  joints  shall  only  be  permitted  at  the  bottom  face  of  the  lowest 
connecting  floor  members.  Temperature  changes  and  shrinkage  during  setting 
necessitate  joints  in  independent  walls  at  intervals  of  50  to  80  feet  when 
not    otherwise   provided    for    by    effective    reinforcement. 

Note. — ^To  provide  for  stresses  due  to  contraction  in  setting  and  atmospheric 
temperature  changes  in  long  reinforced  concrete  buildin£:s,  it  is  customary  to 
construct  expansion  joints  across  the  buildings  at  intervals  of  about  zoo  feet 
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2.  Girders,  beams,  and  slabs  shall  not  be  cast  upon  freshly  formed  cohimiis 
until   a  period  of  4  to  6   hoiirs  have  elapsed  to  permit   settlement. 

Section  158.  Constructton  of  Forms. — i.  Forms  shall  be  sub^antial  and 
unyielding,  and  care  shall  be  exercised  to  make  them  as  nearly  water-tight 
as   practicable. 

2.  Care  shall  be  taken  to  insure  that  all  debris  is  removed  from  forms, 
and  thit  they  are  thoroughly  greased  or  wetted  before  concrete  is  deposited 
in  them. '  Beam  forms  shall  be  so  designed  that  art  least  one  skle  may  be 
rrtifoved  without  disturbing  the  bottom  portion  of  the  forms  attd  its  sup- 
ports; and  column  forms,  so  that  they  may  be  removed '  Tfritbout  disturbing 
beam  and  slab  forma.-  Cteanout  holes  shall  be  provided ,  in  the  bottom  of 
cohimn  forms  where  necessary  to  insure  the  removal  of  wood  chips  or  other 
debris. 

Note. — It  is  considered  good  practice  to  give  a  slight  camber  to  forms  for 
beams  and  girders  to  overcome  the  effects  of  the  unallocable  settlement. 

Section  159.  Removal  of  Forms. — i.  The  time  foi^  the  removal  of  forms 
shall  always  be  subject  to  approval  by  the  Superintenjtjept. 

Note.— ^It  is  recommended  that  forms  shall  in  no  case  be  removed  in  less 
time  than  fi:^ed  in  the  following  schedule,  except  by  written  permit  from  the 
Superintendent.  This  schedule  presupposes  that  the'  concrete  has  been  de- 
posited while  the  outside  temperature  was  above  40°  Fahr.,  with'  a  rising 
temperature,  and  that  ample  supports  are  left  to  carry  the  construction  and 
any   superimposed    loads. 

Schedule 

Bottom  of  slabs,  spans  of  6  feet '    4  days 

Plus    I    day  extr^  ^  for  each   additional    foot   of  span. 

Bott9m  of  beams  .and  girders  of  ordinary  length 14  days 

Beams   of  span  of  20   feet 21  days 

'  .Sides  of  lintels,  girders  and  beams 3  days 

Columns.  .  .  .....  v ....  i ^ .     3  days 

Thin  .  walls • •-••■' V     3  days 

2.  Girders  of  25'fbot  span  or  over  shall  be  considered  as  special  ceases  and 
shall  be  subject  to  the  inspectipn  of  the  Superintendent  before  removal  of 
the   supports.  •     ;  . 

3.  Composite  floors,  same  as   for  ordinary  beams. 

4.  All  reinforced  concrete  shall  be  carefully  inspected  to  insure  its  sound- 
ness  and    reliability   before   main    supports   are    removed. 

5.  Nq  loads  shs\l\  be  .placed  upon  a  reinforcqd  concrete  floor  before  the 
removal  of  the  form  supports,  which  would  in  any  w^y  tend  to  overstress 
such  supports  or  those  below. 

6.  Special  care  shall  be  observed  in  removing  fo^m^  when  the  concreting 
has  been  done  in  cold  weather.  Concrete  which  has  frozen  accidentally  before 
setting,  shall  be  thawed  an4  kept'  thawed  until  it  i^  determined  whethei;  the 
cenient  will  set.  In  this  case,  sufficient  water  shall  be  provided  for  the 
cement  to  hydrate  during  this  action.       ^ 

NoT£. — A  sfiecial  pemait  should  be  obtained  for  removal  of  forms  from 
concrete  deposited  when  the  outside  temperature  was  below  $2°  Fahr.;  and 
the"  number  of  days  required  should  be  increased  in  proportion  to  the  amount 
of  time  the  temperature  remained  below  32°  Fahr.  after  tht*  concrete '  was 
deposited*  i 

Section  161.  1»spection.— ^Bvery  reinforced  concrete  building  shall  be 
erected  under  the  constant  supervision  of  a  reputable  and  competent  inspector 
furnished  by  the  owner  or  architect,  and  acceptable  to  the  Superrnteftdent. 
It  shall  be  ''th^-SUty  of  the  iniSpector  to  keep  a  daily  record  of  the  work 
done,  to  observe  whether  the  materials  employed,  and  the  miethods  of  con- 
struction are  In  all  respects  in  accord  with  the  specifications  filed  with  the 
Silq)erintettdent,   and  the  requirements  of  this  Code;   and  to  make  -  itii^te  of 
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all  vaTiatioq^  tber^rom.  ..  A,  copy  of  these  daily  .reports  shall  be  filed  with 
the  Superinteademt, ,  who  is  empowered  to  stop  any  improper  construction  until 
its  faults  are .  corrected,  or  to  cause  the  removal  of  ?iny  defective  work  which 
he  ma,y  consider  dangei;ous.   ,       .  >  ,      ^ 

A  set  of  plans  shall  be  on  file  at  the  building  upon  which  the  Superin- 
tendent shoU  mark  in  ink  the  .progress  of  the  work,,  and  state,  the  time,  and 
dates  .on  which  concrete  for  each  portion  of  the  structure,  was  deposited; 
and  the  Superintendent  shall,  indicate  thereon  the  date  upon  Ny^liicI)  the  forms 
may  be  removed*  Record  shall  also  be  ma,de  of  the  4ate  upon  which  fotms 
were  actually  removed.     , 

NoTE.-^For  theory  of  design  and  allowable  practice  in  reinforced  concrete 
constructiony  see  Report  of  uie  Toint  Cprnmittpe  on  Concrete- and  Reinforced 
Concrete,    as   published   by   the    American    Society    for   Testing    Materials. 

Reinforced  Cbncirete  for*  Fireproofing 

Section  162.  Approved  Construction.--!.  Concrete  is  approved  for  all 
fire-resistive  construcHoh,  also  for  the  protection  of  steel  structural  ineml^ers, 
or   for   any  other  fire-prooflhg  pu^rposes  in   any   bftiWing. 

2.  Any  system  of  reinforced,  concrete  construction  may  •'be"  approved  for 
the  construction  of  floor  or  roof  panels,,  or.  partitions  in  skeleton  frame  or 
any  other  type  of  flre-resistiv^  building,  provided  that 'the  unit  stresses  in 
the  materials  do  not  exceed  those  specified  in  this  Code  aS  permissible  for 
use  in  such  design;  and  that  the  concrtte  and  the  construction  conform  to 
the  various  other  requirements  herein  specified  for  such  use,  including  the 
fire  test. 

Section  163.  Mixture. — Concrete  for  fireproofing  purppses  shall  consist 
of  a  mixture  of  viscous  consistency  of  one  part  Portland  cement  ,to  not 
more  than,  seven  parts  of  fine  and  coarse  aggregate  by  volume.  The  aggre- 
gate shall  be  mixed  in  the  ratio  of  two  parts  of  fine  to  not  more  than  five 
parts  of.  coarse,  or  In'  such  proportions!  as  will  give  the  densest  mixture. 

Note.-— A  mixture  oi  1:2:4  is  recommended  as  giving  very  satisfactory 
results.  It  is  particularly  advantageous  for  floor  and  roof  slabs  'by  reason 
of  its  density  and  consequent  increase  in  waterproofness,  aS'  well'  as  strength. 

Section  164.  AggregaTEJs. — Fine  aggregates  shall  be  of  quality  described 
in    Section    122.  ' 

Coarse  aggregates  shall  consist  of  gravel,  crushed  stone,  hard  burned*  brick, 
terra  cotta,  slag,  or  steam 'boiler  cinders,  arid  shall  be  clean,  hjtrd,"3nd  free 
from  deleterious  material.  All  aggregates  shall  be  sized  to  pass  a  1  inch 
screen  and  be  retained  tipon  a  M.  inch  screen,  and  shall  be  reasonably  dry 
when    scre'ened. 

Section  163.  Manipulation. — Concrete  for  fireproofing  shall  be  mixed, 
deposited,  and  protected  in  accordance  'with  the  requirements  of  Sections  154 
to    159,   inclusive,  of  this   Code. 

Section  166.  Reinforcement. — 1.  The'  steel  reinforcement  in  concrete 
used  fof  ftreproofing,  shall  be  of  quality  required  by  Section  124,  and  the 
installation  shall  be  in  accordance  with  the  specifications  of  Section  151.  The 
longitudinal  members  in  mesh  reinforcement  shall  not  be  spaced  more  than 
4  inches  center  to  oenter,  and  the  least  dimension  of  mesh  opening  shall  be 
2  inches*  llesh  metal  fabrics  of  all  kinds  3hall  have  a  .side  lap  of  not  less 
than  3  inches. 

2.  All  reinforcement  essential  .  to  secure  .  the  required  sttenffi^  of  ,  arches 
or  slabs,  shall  be  fully  embedded  in  the  concrete,  and  shall  have  a  protection 
of  at  least  i   inch  of  concrete  on  the  under  side. 

3.  Exposed  metal  centering  or  exposed  metal  of  gny  kiru^l^l^uf^be  con- 
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sidereU  a  factor,  in  the  strength  of  any  part  of  any  concrete  construction 
subject  to  fire;  and  a  plaster  finish  applied  over  the  metal  shall  not  be  accepted 
as   sufficient  protection. 

Section  167.  Cinder  Concrete. — i.  Cinder  concrete  may  be  used  con- 
structively as  fireproofing,  only  for  floors  and  roofs  between  steel  beams, 
and   for  interior  non-bearing  walls  or  partitions.  ■ 

2.  Cinders  shall  be  composed  of  hard,  well  burned,  vitreous  clinker,  free 
from  sulphides,  fine  ashes  and  foreign  matter.  The  use  of  gas-house,  or 
locomotive    cinders,    or    stove    or    heating    furnace    ashes,    is   prohibited. 

3.  In  the  selection  of  cinders  for  concrete,  care  shall  be  exercised  to 
insure  that  they  carry  only  a  small  percentage  of  unburned  coal  or  coke. 
The  amount  shall  not  exceed   15  per  cent. 

Note. — Attention  is  called  to  the  fact  that  a  projierly  proportioned  concrete 
made  from  carefully  selected  cinders  is  a  most  excellent  fire-resistive  -  material ; 
but  the  use  of  inferior  cinders  or  an  improper  mixture,  that  is,  one  which  is 
too  lean  ot*  too  dry,  may  be  productive  of  danger,  due  either  to  weakness, 
or  liability  to  produce  corrosion  of  metal  in  contact  with   the  concrete. 

L'nburned  coal  and  coke  in  cinders  serve  to  introduce  sulphur  into  the 
concretCj  which  is  likely  to  corrode  metql  embedded  in  it  imless  the  copcrefe 
is  sufficiently  wet  and  rich  enough  to  furnish  a  coating  of  cement  on  the 
metal.  Sulphides  will  also  tend  to  deteriorate  the  concrete  under  conditions 
of  oxidation. 

Soft  coal  cinders  should  be  used  with  the  utmost  caution.  Satisfactory 
concrete  can  be  made  from  clean,  thoroughly  calcined,  soft  coal  cfinker;  but 
soft  coal  Is  very  liable  to  carry  with  it  considerable  free  sulphide  of  iron 
(iron  pyrites),  and  cinders  from  such  coal  are  almost  sure  to  contain  an 
excess   of  sulphides,   which  are   fatal  to  good  concrete. 

4.  Cinder  concr/ete  in  the  proportions  of  1:2:5  to  qualify  for  use  for  fire- 
proofing,  except  when  used  as  fill  above  the  floor  arch  proper,  shall  develop 
an  average  crushing  strength  of  not  less  than  800  pounds  per  sql  inch  at 
28  days,  when  tested  in  accordance  with  the  method  of  test  prescribed  for 
stone  concrete' in   Section   120.    » 

5.  The  allowable  extreme  fibre  stress  in  compression  in  cinder  concrete 
slabs  between  steel  beams  shall  not  exceed  300  pounds  per  sq.  inch.  The 
ratio  of  the  moduli  of  elasticity  of  1:2:5  cinder  concrete  and  steel  shall  be 
taken  as   i   to  30. 

Note. — Cinder  concrete  is  very  porous,  and  while  this  property  adds  to  its 
fire-resisting  qualities,  it  Is  a  serious  defect  as  regards  resistance  to  water. 
See    Note,    Section    110,    paragraph   3. 

Weight   of  cinder   concrete   and  fill,    Sec.   63. 

Section  169.  Floor  Systems  Approved  on  Design. — i.  Segmental  con- 
crete arches  or  flat  slabs  shall  be  approved''  for  fireproofing  if  designed  and 
constructed  in  accordance  with  the  requirements  of  Parts  XXII  and  XXIII 
in  so  far  as  they  are  applicable;  but  the  permissible  stresses  for  cinder  concrete 
shall  be  taken  as  specified  in  Section   167. 

2.  The    span    of   concrete    arches    or    slabs    for    fireproofing,    shall  .  be    taken 
as  the  distance  center  to  center  of  the  supporting  steel  beams,  and  shall  not  ^ 
exceed  8   feet  unless  the  coarse  aggregate  in  the  concrete  be  either  stone  or 
gravel,  in  which  case  the  span  shall  be  limited  by  the  design. 

Note. — When  the  span  of  cinder  concrete  floor  slabs  exceeds  6  fpet,  special 
care  should  be  exercised  in  inspecting  the  details  of  construction,  ^no  the 
removal  of  forms.  , 

3.  The  minimum  thickness  of  arches  or  slabs  of  cinder  concretb  for  fldor 
and  roof  construction,  shall  be  3%  inches,  and  in  no  case  less  than  one 
eighteenth  of  the  spap  length   between  supporting  beams. 

Section  171.  Tie  Rods. — i.  Segmental  arches  shall  have  a  rise  of  not  less 
than    %    inch    per    foot   of   span,    and   steel   tie   rods   qf   urpmr^^^i^Q^acing, 
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and  location  to  resist  the  thrust  shall  be  used.  -  The  rods  shall  be  protected 
as    required   in    Section    iii,   paragraph   2. 

2.  In  flat  arches,  if  tie  rods  are  omitted,  the  reinforcement  shall  be  con- 
tinuous, or  the  ends  of  the  bars  shall  be  hooked  over  the  beams  or  otherwise 
securely   fastened   to  them   at   intervals  not  exceeding  3    feet. 

Section  172.  Concrete  Fill. — Concrete  for  fill  shall  consist  of  one  part 
cement  and  not  more  than  ten  parts  of  aggregate.  Aggregates  shall  be  as 
specified  in  Section  164^  All  concrete  fill  shall  be  well  mixed,  thoroughly 
wet,  tamped  to  place,  and  brought  to  a  level  at  the  required  height.  See 
Section    no,  paragraph  2. 

Chimneys,  Flues  and  Heating  Apparatus. 

Section  178.  Chimneys,  Smoke  Flues,  Gas  Flues  and  Fireplaces. — i. 
All  chimneys  hereafter  erected  shall  be  of  brick  or  stone  laid  ;n  Portland 
cement  mortar  without  addition  of  lime,  reinforced  concrete  or  other  approved 
incombustible  material,  extending  at  least  3  feet  above  the  point  of  contact 
with  a  flat  roof  or  2  feet  above  the  ridge  of  a  pitch  roof,  and  shall  be  prop- 
erly capped  with  terra  cotta,  stone,  cast  iron,  or  other  approved  incombustible 
weatherproof   material.  ' 

Note. — Portland  cement  mortar  is  very  superior  to  lime  mortar  in  resisting 
the  action  of  beat^  and  flue  gases.  The  latter  disintegrates  in  time,  and  is 
liable  to  fall  out  of  the  joints,  thus  producing  a  hole  through  which  a  fire 
is^  likely    to    originate. 

2.  The  brickwork  or  reinforced  concrete  of  the  smoke  flues  of  all  boilers, 
furnaces,  baker's  ovens,  large  cooking  ranges,  large  .laundry  stoves,  and  all 
flues  used  for  a  similar  purpose  shall  be  at  least  8  inches  in  thickness.  Walls 
of  smoke  flues  used  exclusively  for  ordinary  stoves  or  open  fireplaces  shall 
be  not  less  than  4  inches  thick.  Brick  set  on  edge  shall  not  be  permitted 
in   chimney   construction. 

3.  Where  two  or  more  smoke  flues  are  contained  in  the  same  chimney,  the 
walls  between  the  several  flues  shall  be  not  less  than  4  inches  thick.  The 
walls  of  stone  smoke  flues  shall  be  4  inches  thicker  than  required  for  brick 
or  reinforced  concrete.  No  smoke  flue  shall  have  smoke  pipe  connections 
in   more  than   one  story  of  a  building. 


Lined  hole  /9r 
smoke  pip'e. 

Fig.    29. — Indicates    method    of    building    in    flue    tile    during    construction    of 

chimney  ^  -  ■ 

Reproduced  by  permisaion  Naf  1  Bd.  of  FfP^t^'feY  ^OOg^^ 
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4.  Every  smoke  flue  contained  in  a  chimney  hereafter  erected  shall  have 
ah  area  of  at  least  64  square  xicbes  and,  unless  required  to  be  lined  with 
Are  brick,  shall  be  lined  with  hard  burned  terra  cotta  or  Are  clay  llue  lining 
made  smooth  on  the  insfde.  The  flue  lining  shall  start  from  the  bottom  of 
the  flue,  or  from  the  throat  of  the  fireplace  If  the  flue  starts  from  a  fire- 
place, and  shall  be  carried  up  continuously  the  entire  height  of  the  fl^e. 
If  the  thickness  of  the  masonry  surrounding  the  throat  be  less  than  8  inches 
in  any  part,  the  lining  shall  start  at  bottom  of  the  lintel.  The  ends  of  the 
sections  of  all  such  lining  tile  shall  be  laid  in  ceirfent  mortar  and  the  tile 
shall  be  built  in  as  the  flues  are  carried  up.     Fig.  29. 

No  parging  mortar  nor  plaster  shall  be  used  on  the  inside  of  any  fireplace, 
chimney,   or  flue.  ^ 

Note. — ^While  walls  4  inches  thick  and  lined  are  permitted  for  chimneys 
serving  as  flues  where  high  temperatures  are  not  maintained,  a  piinimum 
wall  thickness  of  8  inches  is  strongly  recommended,  especially  in  localities 
subject  to  long,  severe  winters,  and  continuous  hot  fires  are  a  necessity. 

5.  In  every  building,  where  one  or  more  smoke  flues  start  f^om  the  cellar 
or  lowest  story,  at  least  one  such  smoke  flue  shall,  have  an  internal  cross- 
sectional  area  of  at  least  06  square  inches  and  shall  start  at  least  3  feet 
below   the   ceiling. 

6.  In  no  case  shall  a  chimney  be  corbeled  more  than  8  inches  from  the 
wall,  and  such  corbeling  shall  consist  of  at  least  five  courses  of  brick.     Piers 

-  which  support  chimneys  shall  start  from  the  foundation  on  the  same  line  with 
the  chimney  breast.  They  shall  be  not  less  than  12  inches  on  the  face  and 
shall  be  properly  bonded  into  the  walls.  No  chimney  shall  rest  upon,  nor 
be  carried  by  woodwork.  No  combustible  furring  or  sheathing  shall  be 
placed  against  any  smoke  flue  or  chimney  breast. 

7.  The  walls  of  flues  used  only  for  gas  burning  appliances  shall  be  of 
brick  or  concrete  at  least  4  inches  thick  and  lined  as  required  in  paragraph 
4  of  this  section.  Wheie  two  ,or  more  such  flues  are  contained  in  the  same 
chimney,  the  walls  between  the  several  flues  shall  be  not  less  than  two  thick- 
nesses of  the  tile  lining  with  joints  broken,  except  that  at  least  every  third 
partition  shall  be  not  less  than  4  inches  thick  of  brick  or  its  equivnlent,  and 
bonded  Into  the  walls.  Not  more  than  one  appliance  or  utensil  in  which 
ga.s  is  used  as  fuel  shall  be  connected  to  a  single  flue,  nor  shall  any  such 
appliance  or  utensil  be  connected  to  any  flue  to  which  a  smoke  pipe  is  con- 
nected. 

8.  The  smoke  flue  of  every  high  pressure  steam  boiler  and  every  appliance 
producing  a  corresponding  temperature  in  the  smoke  flue  shall,  if  built  of 
brick,  stone,  reinforced  concrete  or  other  approved  masonry,  be  lined  on 
all  sides  with  not  less  than  4  inches  of  fire  brick  laid  in  fire  mortar  for  a 
distance  of  at  least  25  feet  from  the  point  where  the  smoke  connection  of 
the    boiler   enters    the    flue. 

9.  Interior  vertical  smoke  stacks  or  flues  for  steam  boilers  or  other  furnaces, 
and  similar  heating  devices  producing  a  corresponding  temperature,  may  be 
of  metal  not  less  than  No.  10  U.  S.  gauge,  properly  riveted,  jointed,  and 
braced  at  intervals  of  at  least  20  feet.  Such  stacks  shall  either  be  enclosed 
by  approved  masonry  walls  not  less  than  8  inches  thick  with  an  air  space 
of  at  least  4  inches  between  lining  and  wall;  or  if  such  stacks  or  flues  are 
not  enclosed  with  masonry  they  shall  have  a  clearance  from  all  combustible 
material  of  not  less  than  one-half  the  diameter  of  the  stack,  but  not  less 
than  24  inches,  unless  the  combustible  material  be  properly  guarded  by  loose 
fitting  metal  shields,  in  which  case  the  distance  shall  be  not  less  than  12 
inches.  Where  such  a  stack  passes  through  a  wooden  framed  roof,  it  shall 
be  guarded  by  a  galvanized  iron  ventilating  thimble  «^te^di(i§(^^5m[;^  least 
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9  inches  below  the  underside  of  the  ceiling  or  roof  beams  to  at  least  9 
inches  above  the  roof,  and  the  ventilating  thimble  shall  have  a  clearance  of 
not  less  than-- 18  inches,  except  that  for  stacks  foj^  low  grade  furnaces  such 
as  hot  air,  hot  water,  and  low  pressure  steam  heating  furnaces,  coffee  roasting 
Qvens,  candy  furnaces,  etc.,  the  clearance  may  be  reduced  to  12  inches. 
Metal  smoke  stacks  shall  not  be  permitted  to  pass  through  floors.  Smoke 
flues  shall   not  be  permitted   inside  of   vent  flues   for   ranges. 

10.  Exterior  metal  smoke  flues  for  boilers,  large  cooking  ranges,  and 
similar  heating  devices,  shall  be  of  approved  construction  and  supported  on 
approved  masonry  foundations,  and  shall  have  a  clearance  of  at  least  4 
indies  from  the  outside  wall.  \Such  flues  having  an  area  not  exceeding  255 
square  inches  shall  be  constructed  of  not  less  than  No.  16  U.  S.  gauge  metal; 
if  the  area  exceeds  255  square  inches  the  thickness  of  the  metal  shall  be  not 
less  than  No.  10  U.  S.  gauge. 

11.  The  smoke  flue  of  every  smelting  furnace  and  of  every  other  similar 
device  which  heats  the  flue  to  an  extremely  high  temperature,  shall  be  built 
with  double  walls  of  thickness  suitable  for  the  temperature.  There  shall  be 
an  air  space  between  the  walls,  and  the  inside  wall  shall  be  of  firebrick  not 
less  than  4  inches  thick. 

12.  Chimneys  of  cupola- furnaces,  blast-furnaces,  and  similar  devices,  shall 
extend  at  least  10  feet  above  the  highest  point  of  any  roof  within  a  radius 
of  so  feet,  and  no  woodwork  shall  be  within  3  feet  of  any  part  of  any 
such    device    or    its    chimney. 


ThrPUt 


Suhstanti<ii  Imtt  Door 


Fig.  30. — A  thoroughly  safe  and  substantial  form  of  fireplace  construction. 
ReproduMd  by  permission  Nafl  Bd.  of  Fire  Pe^^yCjOOQlC 
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13.  When  a  building  or  structure  extends  moi-e  than  lo  feet  J^ove  the 
roof  of  an  adjoininsr  building  or  structure,  the  owner  of  the  highef  biiilding, 
if  re^iuested  in  writing  during  its  construction  by  the  owner  of  tfaef' adjoining 
building  or  litrUcture,  shall  at  his  own  expense  extend  the  adjoining  flues 
of  such  adjoining  building  to  the  same  height  as  the  chimneys  of  his  build- 
ing^,  or  sihali  supply  sufficient  flues  connecting  such  adjoining  flues  with  the 
chimneys  of  his  building. 

14.  All  fireplaces  and  chimney  breasts  where  mantels  are  placed,  whether 
intended  for  ordinary  fireplace  use  or  not,  shall  have  trimmer  arches  or 
other  apprbved  fireproof  construction  supporting  hearths.  The  arches  and 
heiarths!  shall  be  at  least  20  inches  in  Width'  measured'  from  the  face  of  the 
chfinney,  bVeast,'  ^FSg.  '■  jo.  The  arches  shall  be  of  brick,  stone,  terra  cotta 
or  reinforced  concrete  of  apt>roved  thickness.  The  length  of  the  trimmer 
arch  ^nd  the  lepgth  of  the  hearth  shall  be  not  less  than  the  width  of  the 
chimney  breast.  The  hearth  shall  be  of  brick,  stone,  tUe  or  other  approved 
fireproof  materia).  False  fireplaces  shall  only  be  permitted  against  unfurred 
masonry  walls.  ■  ' 

iS*i  No  coal  burning  heater  shall  be  placed  in  a  fireplace,  which  does  not 
conform .  to  the  foregoing  requirements  and  have  an  incombustible  mantel. 
•  No  wood  mantel  or  other  woodwork  shall  be  placed  within  8  inches  of  the 
sidfi  nor  within  12  inches,  of  the  top  of  any  open  fireplace.  No . combustible 
summer  piece  or  fireboard  shall  be  used  in  connection  with  any  open  fir^lace. 
The  firebfeibks<  of  all  fireplaces  shall  be  of  solid  masonry  not  less  than  8 
inches  diick*  ' 

16.  rWhen  a  grate  ia  set  in  a  fireplace,  a  lining  of  firebrick  at  least  2 
inches  in  thickness  shall,  be  added  to  the  fireback,  or  soapatone^  tile  or  cast 
iron  may  .be.  used,  if  solidly  backed  with- brick  or  concrete. 

All.  .fltte*holes  tvhen  not  in  use  shall  be  closed  with  tight-fitting  metal  covers. 

Protection  of   woodwork  around  chimneys,   Sec.   fi;. 

Sbctiom  1791  Smoke  Pipes.— i.  No  smoke  pipe  shall  pass  through  any 
floor^  nor  through  a  non*fireprt>of  roof.  Smoke  '  pipes  for  large  cooking 
ranges,  hot  air  furnaces,  low  pressure  steam  or  hot .  water  boilers  shall  be 
not,  less  than  18  inches  below  any  wood  lath  an4  plaster  or  other  com- 
bustible ceiling,  i^nless  at  least  the  upper  half  .of  suph  smoke  pipe  .is  properly 
protected  by  t  inch  or  more  of  asbestbs  covering  or  its  equivalent,  or  by  a 
mcial  erasing  spaced  2  'inches  from  the  upper  half  of  the  pipe.  It  so  pro- 
tected smoke  pipes  shall  be  not  less  than  9  inches  from  any  wood  lath  and 
plaster  construction,  woodwork  or  other  combustible  material.  Smoke  pip^a 
from  ordinary  s^ves  shall  be  not  less  than  9  inches  fr6m  ahy  '  exposed 
woodwork.         ■  ' 

2.  Whtfre  A  smoke  pipe  passes  through  a  wood  lath  and  plaster  or  other 
combustible  partition  or  will,  a  section  of  the  partition  or  wall  shall  be 
retnoved  and  the  smoke  pipe  so  placed  that  no  part  of  it  shall  be  nearer 
than  12  Inches  to  any  remaiiYlng  combustible  part  of  the  partition.  The 
section  of  the  partition  or  wall  so  removed  shall  be  replaced  by  approved 
firepfoof  material  only,  and  an  air  space  of  at  least  2  inches  shall  be  pre- 
served on  all  sides  of  the  smoke  pipe. 

Section  fSo.  Heating  Furnaces  and  Appliances.^i.  High  pressure 
steam  boilers,  bakery  ovens  or  furnaces  in  which  fires  are  maintained  pro- 
ducing a  high  degree  of  heat,  shall  rest  on  the  ground,  a  trimmer  arch, 
or  a  fireproof  floor  constructed  in  accordance  with   Section    iii. 

2.  Low'  pressure  heating  boilers,  coflFee  roasters,  fireheated  can4y  kettles, 
lawndry  stovts,  coal  ranges  without  legs,  and  similar  appliances  where  hot 
fires  are  tjsed,  shall  rest  upon  fireproof  foundations  as  above  described. 
However,    the    Superintendent's'   written    permission    may    allow "  tht^m    to    be 
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placed, upon  wooden  floors  if  the  floors  are  protected  by  ^heet  metal  or  a  % 
inch  layer,  of  asbestos  building  lumber,  coveripd  with  not,., less  than  4  inches 
of  masonry  -set  in  cement  mortar.  .  Suc];i  mafionry  shall  consist  of  one  course 
of  4  inch  hollow  terra .  cotta,  or  of  two  cpurses  of  brick  or  terra  cotta»  at 
least  one  oi  which  shall,  be  hollow  and  be  laid  to  pres^ve  a  free  circulation 
oi  air  thrcMighout  the  whole  course.  Concrete  may  be  .substituted  for  a 
course  of  solid  brick  if  desired.  The  masonry  work  shall  be  covered  by 
sheet,  metal,  of  not  less  than  No.  26  gauge,  so  arranged  as  not  to  obstruct 
the  ventilating  passages  beneath.  Such  hearths  shall  extend  at  least  12 
.  inches  on'the  sides,  back^  and  front  of  the  furnace,  range  or  similar  heating 
appliance;  if  solid  f uel  is  used»  the  front  extension  shall.be  at  le^^tr 24.  inches. 
All  stp^es  or  'ranges  wi^h  legs  shall  be  set  on  incombustible:  inatcrial  which 
shall  extend  at  least  24  inches  in  front  when  ao}}d  fuel  is  used. 

Note. — Solid  brickwork  will  conduct  heat  quite  freely.  There  are  records 
-of  numerous  fires  starting  by  the  ignition  of  wooden  flooring  underneath 
single  layers  of  brick  which  supported  furnaces  or  ranges  itn  which  hot  fires 
were  maintained.     Hence  the  necessity  for  the  double  layer  and  air  space. 

3.  Any  woodwork  or  wooden  lath  and  plaster  partition  iwiljbin  4  feet  of 
the  sides:  or  back,  or  6  feet  from  the  front  of  any  such  boiler,  lurnace,  or 
heating  ai^liances,  shall  be  covered  with"  metal  shields  or  other '  approved 
incombustible- material  to  a  height  orf  at  leaiE^t  4  feet  above  the  ftoor.  This 
covering  shall  extend  the  fu]l>  length  of  the  boiler,  'furnace^  or  iieatiiig  ap- 
pliance, and  to  at  least  5  feet  in  front  otf  it.  Sooh  metal  shields  shall  be 
so  attached  as  to  preserve  an  air  space  behind  them.  In  no  cas^  liJhall  such 
combiastilsde  coiistruction  be  permitted  within  2  feet  of  the  sidec>  or  back 
of  the  heating  appliance,  or   5   feet  in   front  of  same. 

4.  Heating  boilers  shall  be  encased  on  sides  add  top  by  tncombuatible  pro- 
tective covering  not  less  than  i^^  inches  thick,  and  the  overhead  dlearanoe  of 
such  covered  boilers  and  hot  air  furnaces  shall  be  net  less  than  15  inches. 
Any  woodwork  within  2  feet  of  the  top  of  such  iboilers  dr  furnaoe  shall  be 
protected  by '  a  loose  fitting  metal  shield,  hut  such  shields  shaU  Hot  be  placed 
so  as  .'to   form  concealed  spaces. 

Note. — It  is  recommended  that  the  room  or  rooms  in  which  boilers  and  all 
power  .'and  operating  machinery  are  located,  shall  be  separated  from  other 
portions  of  the  building  by  an  8-inch  wall,  having  an  approved  fire  door  at 
each  opening;  such,  rooms  not  to  have  direct  communication  with  the  floor 
above. 

All  boilers  to  be  separated  from  operating  machinery  by  8>inch  ,walls»  with 
.approved  ,l\re    doors    at    openings..  < 

Section  181.  Stoves  and  Ranges. — i.  No  kitchen  range  or  stove  in  any 
building  sha^  be  placed  le^s  than  3  feet  from  any  woo(|work  ar  jMrooden 
lath  and  ,  piaster  partition,  unless  the  woodwork  or  partition  is  properly 
protected  by  metal  shields,  in  which  case  the  distance  shall  be  not  fess  than 
18,  inches.  Metal  shields  shall,  be  so  attached  as  to  preserve  an  air  space 
behind  them.  '  . 

2.  Hotel  and  restaurant  ranges  sha,ll  be  provided  with  a  metal  hood,  placed 
at  least  ^9  inches  below  any  wooden  lath  ai^d  plaster  or  wooden  ceiling,  and 
have  an  individual  pipe  outlet  connected  with  a  flue.  The  pipe  shall  be 
protected  by  at  least    i   inch   of  asbestos  covering,  or  its  equivalent. 

3.  No  furnace,  boiler,  range  or  other  heating  appliance  shall  be  placed 
against    a   wall    furred    with   wood. 

Section  182.  Hot  Air  Pipes  and  Registess. — i.  All  stone  or  brick  hot  air 
flues  shall  be  lined  with  tin  or  other  suitable  sheet  metal  or  burnt  clay  pipe. 

2.  Horizontal  hot  air  furnace  pipes  shall  be  placed  at  least  6  inches  below 
wooden   floor  beams  or   wooden  lath  and  plaater  ceilinif;  ft^rflgeO^C  beams 


.  National  Board  Building  Code 


345 


or  ceijing  are  protected  by  metal  lath^  and  plaster,  or  if  the  woodwork  be 
covered  with  loose  fitting  tin,  or  the  pipe  be  covered  with  at  least  ^  inch 
of  corrugated  asbestos,  the  distance  from  the  woodwork  may  be  reduced  to 
not  less  than  3  inches. 

3.  Cold  air  ducts  for  hot  air  furnaces  shall  be  made  of  incombuatible 
material. 

4.  Hot  air  pipes  where  passing  through  comhijistible  partitions  or  floors, 
must  be  doubled  tin  pipes  with  at  least  i  inch  air  space  between  them. 

No  hot  air  pipe  shall  be  placed  in  a  wooden  stud  partition  or  any  wooden 
enclosure  unless  it  be  at  least  8  feet  horizontal  distance  from  the  furnace. 
Hot  air  pipes  contained  in  combustible  partitions  shall  be  placed  inside  another 
pipe  arranged  to  maintain  %  inch  air  space  between  the  two  on  all  sides, 
or    be   securely   covered    with    %    inch   of   corrugated    asbestos.      Neither    the 
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Fig.    31. — Protection    o*f    hot    air    pipe    in    wooden    stud    partition 
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outer  pipe  nor  the  covering^  shall  be  within  i  inch  of  wooden  stlidding,  and 
no  wooden  lath  shall  be  u$ed  to  cover  the  portion  of  the  partition  in  which 
the  hot  air  pipe  is  located,  Fig.  31.  Hot  air  pipes  in  closets  shall  be  double, 
with  a  space  of  at  least  i  inch  between  them  on  all  sides.  The  air  space 
between  pipes  shall  be  open  at  bottom  and  closed  at  top. 

5.  Every  hot  air  furnace  shall  have  at  least  one  register  without  valve 
or  louvres.  / 

6.  A  register  located  over  a  brick  furnace  shall  be  supported  by  a  brick 
^haft  bt^Ht  up  from  the  cover  of  the  hot-air  chamber;  said  shaft  shalH  be 
lined  with  a  *metal  pipe,  and  no  woodwork  shall  'be  within  2  inches  of  the 
outer  face  of  the  sHaft. 

A  -register  bo;c  placed  in  the  floor  over  a  portable  furnace  shall  have  an 
open  space  around  it  olf  not  less  than  4  inches  on  all  sides,  and  be  sup- 
ported by  an  rncom'bnstible  border. 

'Hot  air  registers  iplaced  in  any  woodwork,  or  combustible  floors  shall  be 
«urrounderd  with  borders  of  incombustible  material,  not  less  than  2  inches 
wide,  securely  sej  in  place. 

The  register  boxes  shall  be  of  metal,  and  be  double;  the  distance  between 
the  two  shall  be  not  less  than  i  inch;  or  they  may  be  single,  if  covered 
with  asbestos  not  tlesib  than  %  inch  in  thickness,  and  if  all  woodwork 
within  2  inches  be  covered  with  metal.  Digitized  by  GOOglC 
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Section  183.  Steam  and  Hot  Water  Pipes.— No  steam  or  hot  water 
pipe  shall  be  within  i  inch  of  any  woodwork.  Every  steam  or  hot  water 
pipe  passing  through  combustible  JBoors,  or  ceilings,  or  wooden  lath  and 
plaster  partitions,  shall  be  protected  by  a  metal  tube  i  inch  larger  in  diameter 
than  the  i^pe  and  be  provided  with  a  close-fitting  nletal  cap  on  each  side ' 
of  the  floor  or  partition.  Fig.  32.  All  wooden  boxes,  or  casings  enclosing 
steam  or  hot  water  heating  pipes,  or  wooden  covers  to  recesses  in  walls 
in  which  steam  or  hot .  water  heating  pipes  are  placed,  shall  be  lined  with 
metal,  and  the  pipes  shall  be  kept  at  least  i  inch  away  from  the  walls  of 
the  box.  Steam  and  hot  water  pipe  coverings  shall  be  of  incohibustible 
material. 

Note. — Where  waterproof  floors  are  provided,  it  is  important  that  metal 
sleeves  which  eilcase  shafts  or  steam  "pipea  should  extend  'at  least  6  inches 
above  the  floor  level  and  be  capped  as  above  required.  This  provides  a  dam 
to  prevent  wafer  flowing  to  floors  below,  if  from  any  cause  the  floor  should 
become  flooded. 
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Fig.  22. — Protection  of  pipe  or  shaft  openings  through  floors 
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Steam  pipes  can '  ignite  wood  work  in  the  following  manners  : 
First — If  the  water  is  allowed  to  run  low   the  steam  becomes 
superheated,  causing  a  true  combuFtion. 

Second — Pipes  corltairiing  steam  at  the  usual  tenfperattire  may 
cause  the  secondary  phenomenon  of  spontaneous. combustion,  as  the 
steam  pipes  may  slowly  dry  the  wood,  the  moisture  in  time  being 
vaporized  which  causes  the  wood  to  assume<<  a 'state  resembling 
charcoal,  in  which  condition  the  glowing  or  coitibustibn*  well  known 
in  the  case  of  charcoal  takes  placij  spontaneously.  The  porosity  of 
charcoal  admits  of  the  absorption  of  ox3gjen  from  the  air,  which 
may  condense  sufficiently  to  cause  oxidation  ■  and  heat  the  charcoal 
up  to  the  ignition  point.  The'  sides  of  timber  can  readily  bear  a 
strong  dead  heat  for  an  indefinite  period  without  'igniting,  unless 
a  cross  section  of  the  fibre,  as  exists  around  a  live,  knot,  presents 
it.self  to  the  heated  surface,  or  if  the  end  surface  of  the  timber  is 
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It  is  by  the  end  that  a  piece  of  woo'd  exposed  to  heat  most 
readily  ignites,  as  the  gases  which  are  generated  in  the  timber 
pores  are  afforded  a  more  liberal  vent  through  the  ends,  thus 
exposing  the  inflammable  gases  to  the  direct  action  of  the  heat. 
Materials  in  the  form  of  lint  or  dust,  being  in  a  finely  divided  state 
will  oxidize  more  readily  than  when  the  same  materials  are  in 
solid  masses;  such  conditions  can  readily  arise  in  flour  mills,  coal 
mines;  or  where  any  organic  matter  mny  be  converted  into  dust. 
Iron  may  be  prepared  iti  such  a  finely  divided  state  as  to  take  fire 
on  exposure  to  the  air. 

Frame  Buildihgs 

In  no  c;ase  shall  a  frame  building  with  wooden  siding  be  erected  or 
altered,  to  extend  within  5  feet  of  the  side  or  rear  lot  line,  nor  within  10 
feet  of  another  building,  unless-  the  space  between  the  studs  on  such  side 
be  fiUed  solidly  with  no.t  less  than  2^  inches  of  brickwork  or  other  equivalent 
incombustible;  material,  and  the  entire  exposed  side  be  covered  with  at  least 
a  V&  inch  layer  of  asbestos  board*  or  %  inch  of  plaster  board  back  of  the 
wooden  siding.  When  such  walls  are  thus  filled  and  covered,  their  diAance 
from  a  side  or  rear  lot  line  may  be  reduced  to  3..fe«t;  or  to  5  feet  from 
another  building.  If  the  adjacent  walls  of>  two  buildingiB  have  no  openings, 
and  are  filled  and  covered  as  above  specified,  there  need  be  no  limitation  as 
to  distance  between  them. 

NoTE.^It  is  recommended  that  when  such  buildings  are  nearer  than  3 
feet  to  a  side  or  rear  lot  line,  or  5  feet  to  another  building,  the  cornices 
and  overhanging  eavci  on  the  side,  or  rear  walls  shall  be  of,  or  covered  with, 
incombustible   material.      See'  Note   in   Section  85. 

Floor  beams  and  rafters  in  frame  buildings  shall  be  not  less  than  2 
inches  in  thickness.  All  frame  or  wood  buildings  exceeding  is  feet  in 
height  shall  have  their  sills  secured  to  the  foundations  in  an  approved  manner 
and  be  erected  with  sills,  posts,  girts  and  plates  of  suitable  size  and  materials 
with  proper  mortise  and  tenon  framing  and  braced  with  studs  at  all  angles, 
but  this  shall  not  prohibit  the  use  of  balloon  framing  with  proper  sills  and 
ribbon  strip  not  less  than  I'/i  by  5  inches  where  diagonal  sheathing  i«  used, 
and  provided  that  the  outside,  ^alls  are  fire  stopped  at  each  fl6or  level  as 
required  by   Section   igo,  paragraph  3. 

Timber  stresses.   Sec.   65, 

Section  189.  Foundations  foe  Frame  Buildings. — i.  The  foundation  walls 
of  frame  buildings  or  structures  exceeding  15  feet  in  height  shall  rest  on 
footings  of  stone  or  concrete  not  less  than  8  inches  in  thickness.  All  footings 
shall  extend  at  least  4^^  inches  outward  from  each  side  of  the  bottom  of 
the  foundation  walls  which  rest  upon  them. 

2.  The  'bottom  of  footings  for  frame  buildings  shall  rest  upon  solid  ground 
at  a  depth  at  least  equal  to  the  frost  line  below  the  .  surface,  unless  solid 
rock  occurs  above  this  point;  or  upon  piles  or  ranging  timbers  of  wood 
where  necessary.  The  foundation  walls  of  frame  structvmes  exceeding  15 
feet  in  height,  if  of  stone,  shall  be  not  less  than  16  inches  thick,  and  if  of 
brick  or  concrete,  not  less  than  12  inches  to  the  grade  and  8  inches  thick 
to  th»  under  side  of  the  sill.  If  the  foundation  and  first  story  walls  are 
constructed  of  brick  or  concrete,  the  foundation  walls  shall  be  not.  less  than 
12  inches  thick  to  the  first  tier  of  beams  and  8  inches  thick  from  the  first 
to  the  second  tier  of  beams,  oi*  if  these  walls  are  constructed  of  stone,  they 
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shall  be  not  It^s  ^han  i8  inches  for  the  foundation  walls  and  i6  inches  for 
the  first  story  wall. 

3.  Foundation  walls  of  hollow  building  blocks  shall  be  not  less  than  12 
inches    thick    in    any    patrt. 

4.  For  one  story  striictures  not  used  iox  dwellings,  the  thickness  and  depth 
of  the  foundation  walls  may  be  modified  at  the  discretion  of  the  Superin- 
tendent. 

5.  Footings   and   foundation   walls   shall   be   laid   in   cement   mortar. 
Section    190.     Walls  and   Partitions  in   Frame   Buildings. — i.    In   rows 

of  frame  houses,  the  dividing  walls  or  partitions  between  houses  shall  be 
built  of  brick,  terra  cotta,  concrete,  or  other  approved  incombustible  material; 
or  they  may  be  built  with  4  inch  studs,  filled  solidly  with  brickwork  laid 
in  mortar,  or  with  other  incombustible  material  and  covered  on  each  side 
with  at  least  %  inch  of  metal  lath  and  plaster,  or  plaster  board.  Such 
dividing  partitions  shall  rest  <m  masonry  walls  or  wooden  girders  and  shall 
extend  to  under  side  of  roof  boards,  and  a  flush  mortar  joint  shall  be  made 
between  the  roof  boards  and  the  wafll  or  partition.  In  rows  of  more  than 
three  houses,  every  alternate  division  wall  or  partition  shall  be  constructed 
of  brick  or  concrete  not  less  than  8  inches  thick.  These  walls  shall  extend 
from  front  to  rear,  be  solid  withotit  openings,  and  shall  extend  at  least  2 
feet  above  the  roof,  and  be  coped.  If  such  parapet  be  of  concrete,  or  if  the 
top  six  courses  of  brick  fee  laid  in  Portland  cement  the  coping  may  be 
omitted. 

Fire  waHs  in  frame  buildings.  Sec.  29. 

2.  The  ends  of  floor  'beams  entering  such  walls  from  opposite  sides  shall 
be  so  staggered  or  separated  that  there  shall  be  not  less  than  4  inches  of 
masonry   between   the   beams   where   they   rest   on   the   waHs. 

3.  Timber  posts  and  girdevs  or  other  approved  supports  may  be  used 
instead  of  brick  fore,  and  aft  partitions,  in  cellars  of  frame  buildings. 

4.  All  stairway  and  other  interior  shafts  in  frame  buildings  which  are 
required  to  be  enclosed,  including  dumbwaiter  shafts,  may  be  constructed 
of    wood,   but  they   shall   be   covered   with   metal   lath,    or   fibre   plaster   board 
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Fig.   33. — Fire-stopping  of    floor  in  Fig.    34.— Fire-stopping  of   floor  in 
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at  least  ^  inch  thick,  and  plastered  to  a  total  thickness  of  %  inch;  or  the 
plaster  board  may  be  covered  with  sheet  metal.  Doors  opening  into  such 
shafts  shall  be   incombustible.  ^         * 

5.  In  'all  frame  buildings  which  are  to  be  lathed  and  plastered  or  other- 
wise sheathed  on  the  inside,  all  stud  walls  and  all  partitions  which  rest 
directly  over  each  other,  shall  be  completely  fire-stopped  with  brick  work 
or  other  suitable  incombustible  material  at  each  floor  level.  The  spaces 
between  the  ends  of  floor  joists  which  rest  upon  masonry  foundation  walls 
or  upon  wall  girts,  shall  be  filled  solidly  with  fire-stopping  material  to  the 
full  depth  of  the  joists,  and  the  spaces  between  the  studs  shall  be  filled  in 
the  same  manner  to  a  height  of  6  inches  above  the  floor  level.  See  Figs. 
33  and  34.  Partitions  which  rest  over  each  other  shall  be  firestopped  as 
required  in  Section  97,  paragraph  3.  The  firestopping  shall  be  arranged  to 
cut  off  all  concealed  draft  openings,  and  form  an  effectual  horizontal  fire 
barrier  between  stories. 

Section  191.  Cellar  Ceiling  in  JFkamb  Buildings. — The  ceiling  over 
the  cellar  or  lowest  floor  in  every  frame  building  more  than  one  story  in 
heifj^ht,  except  dwellings,  shall  be  covered  with  metal  lath  and  at  least  a  % 
inch  coat  of  cement  or  cement-tempered  plaster;  or  by  a  %  inch  layer  of 
plaster  board  covered  with  a  ^4  inch  coat  of  plaster  of  with  a  layer  of  sheet 
metal. 

Section  192.  Chimneys. — All  chimneys  in  frame  buildings  shall  conform 
to  the  requirements  for  chimneys  in  Section  178. 
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MILL  CONSTRUCTION 

Thh  type  of  construction  has  undergone  the  test  of  time  and  has 
repeatedly  demonstrated  its  merits  both  from  an  economic  stand- 
point- and  as  a  su.urce  q£  protection  against  severe  ftre  loss. 

This  ■  title  is  often  misapplied  to  structures  which  contain  but  a 
fractional  portion  of  the  sailient  features  which  are  necessary  in 
their  entirety  to  warrant  this  title,  as  well  as  the  merits  due  this 
type  of  construction. 

The  primary  object  of  mi U  construction  is  to  retard  the  progress 
of  fire  in  its  iflcipiericy  and  in  order  to  accomplish  such  a  result 
a  number  of  conditions  are  involved  in  the  planning  of  this  type  of 
structure;  the  structural  materials,  arrangement  of  stairs  and  ele- 
vators ;  belt  tbwers,  floor  areas,  division  of  hazards  due  to  the  class 
of  occupancy,  and  the  proper  fire  protective  devices  must  all  be  con- 
sidered in  their  entirety,  and  if  these  conditions  are  not  provided 
for  as  a  whole  the  structure  is  defective  in  comparison  with  the 
standard  type  of  mill  construction.  The  paramount  requirement  of 
mill  construction  is  stability;  to  ascertain  the  correct  conditions  as 
to  the  needs  of  the  structure  is  of  the  utmost  importance ;  the  factors 
of  the  proposed  floor  loads  due  to  machinery  and  merchandise,  the 
possible  amount  of  deflection,  and  conditions  conducive  to  vibra- 
tion, must  first  be  determined  before  the  arrangement  and  sizes  of 
the  structural  members  can  be  properly  calculated.  Special  condi- 
tions due  to  the  class  of  occupancy  and  the  nature  of  the  surround- 
ing buildings  have  a  direct  bearing  in  the  formulation  of  plans,  all 
of  which  should  be  carefully  considered  in  the  planning  of  this  type 
of  construction. 

Foundations. — The  conditions  as  to  the  naturb  of  the  soil  and 
underground  strata  should  be  positively  determined  over  the  entire 
area  to  be  occupied  by  the  structure  before  the  plans  are  prepared ; 
provision-  should  be  made  to  guard  against  unequal  settlement,  due 
to  the  arrangement  of  special  foundations  for  machinery,  tank 
towers,  stacks,  etc.  Unequal  settlement  is  a  danger  to  be  especially 
guarded  against  in  mill  construction.  The  supports  for  tanks  used 
in  connection  with  fire  protective  apparatus  should  be  considered, 
unless  suc^  tanks  are  to  be  arranged  on  special  independent  tow^ers. 

Walls. — Good  hard  burned  brick  laid  in  best  of  lime  or  cement 
mortar  is  considered  the  best  material  for  wall  construction;  walls 
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in  top  story  to  be  at  least  one  foot  thick  and  increased  in  thickness 
in  the  lower  stories  to  support  the  required  loads;  outside  walls 
as  a  rule  arranged  of  pier  or  pilaster  construction  to  admit  of  maxi- 
mum window  areas.  Such  walls  should  be  well  laid  and  all  joints 
flushed  op  full  with  cement ;  piers  in  upper  stories  should  be  not 
less  than  twenty  inches  thick,  non-bearing  walls  or  walls  between 
piers  to  be  not  less  than  one  foot  thick.  Fire  walls  or  wails  exposed 
to  fire  from  outside  surroundings  should  be  parapeted  by  carrying 
same  at  liast  three  feet  above  roof  lines;  the  top  of  such  walls 
should  be  covered  with  a  durable  non-combustible  coping,  prefer- 
ably terra  cotta,  such  walls  to  be  laid  up  in  cement. 

Fire  Walls. — As  fire  walls,  division  walls  and  party  walls  should 
act  as  direct  barriers  to  retard  the  progress  of  fire  a  sufficient  thick- 
ness of  brick  work  is  required  to  make  such  a  wall  absolutely  self- 
sustaining  in  case  of  fire;  a  minimum  thickness  of  sixteen  inches 
is  considered  necessary.  If  such  walls  afe  over  sixty  feet  in  length 
an  additional  thickness  is  necessary  or  profper  piers  or  buttresses 
should  be  provided  for  the  strengthening  of  wall  It  is  preferable 
to  have  no  beams  enter  fire  or  division  walls,  but  where  the  same 
are  necessary  there  must  be  at  least  eight  inches  of  solidly^ built  »ip 
brickwork  between  the  ends  of  beams  if  they  enter  walls  at  opposite 
sides. 

Window  and  door  arcbes  should  be  of  brick,  window  sills  of 
brick  laid  on  edge  in  cement,  or  sand  stone.  Door  openings  in  divi- 
sion walls  should  be  arranged  for  the  installation  of  standard  fire 
doors,  the  sills  for  fire  doors  to  be  made  of  non-combustible  mate- 
rials. All  openings  in  any  walls  where  fire  can  commnnicate  between 
floors  or  rooms  to  be  arranged  for  the  installation  of  fire  doors. 
Where  angle  walls  exist  at  adjoining  sections  which  are  cut  off 
from  each  other  by  fire  or  division  walls  the  two  angle  walls  should 
be  treated  as  exposed  walls  for  a  distance  of  at  leas^  thirty  feet 
from  the  corner,  and  windows,  if  any,  in  this  space  should  be  of 
wired  glass  in  standard  metal  frames. 

Stairs,    Elevators,    Belt    Enclosures,    Pipe    Shafts,    etc*— The 

proper  treatment  of  these  features  is  of  Tital  importance  in  the 
planning  of  mill  construction.  The  floors  must  be  continuous  from 
wall  to  wall  without  holes  through  the  same  for  stairways,  elevators, 
belts  or  pipe  shafts  in  order  that  a  fire  may  "be  confined  to  the  floor 
in  which  it  originates,  and  starirways,  elfevators,  and  m&in  belts 
should  be  enclosed  in  brick  towers,  with  th^  Qomtnunicating  open- 
ings into  main  buildings  protected  with  standard  fire  doors  which 
should  be  self-closing.  In  modem  mills  belts  or  ropes  which  may 
be  used  for  transmission  of  power  to  the  variou^^JJcgo^^are  arranged 
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in  vertical  belt  towers^,  the  walls  of  which  are  constructed  of  brick 
or  non-combustible  materials,  and  the  power  is  transmitted  by  shafts 
through  the  walls  in  the  several  stories.  Where  openings  are 
necessary  they  should  be  protected  by  standard  fire  doors. 

Floors. — The  floor  planking  should  be  of  spruce  or  yellow  pine 
three  or  more  inches  in  thickness  according  to  the  spacing  of  the 
bay  timbers  and  nature  of  the  floor  loads  and  machinery.  The 
planking  should  be  spiked  directly  to  the  floor  timbers  and  kept  at 
least  two  inches  clear  of  the  inside  face  of  brick  walls  to  allow  for 
expansion ;  a  quarter  round  moulding  is  generally  placed  around 
the  inside  along  the  wall  and  around  columns. ' 

The  planking  should  be  grooved  for  hard  wood  splines. 

In  bays  eight  feet  and  under,  three  inch  splined  plank  is  generally 
used.'  For  bays  eight  to  ten  feet,  four  inch  splined  plank;  in  bays 
ten  to  twelve  feet,  sik  inch  plank  or  two  inch  by  six  inch  thnbers 
placed  solidly  side  by  side  on  edge;  in  bays  twelve  to  fourteen  feet 
wide,  planking  should  be  eight  to  twelve  inches  thick,  generally 
arranged  with  two  inch  by  twelve  inch  timbers  placed  solidly  side 
by  side,  thus  giving  the  required  thickness. 

In  the  best  work  a  double  top  floor  is  laid  on  the  planking,  the 
lower  one  being  laid  diagonally  upon  the  plank.  The  upper  or  wear- 
ing floor  should  be  of  maple  or  birch  laid  lengthwise.  With  the 
double  floor  the  worn  sections  may  readily  be  replaced.  The  diagonal 
subfloor  braces  the  entire  floor  area,  reduces  vibration  and  tends  to 
distribute  the  floor  load  to  the  best  advantage. 

Between  the  planking  and  the  top  floor  there  should  be  two  or 
three  layers  of  heavy  tarred  paper  laid  to  break  joints,  each  layer 
to  be  mopped  with  hot  tar  or  similar  material  to  secure  a  reason- 
ably water-tight  and  dust-tight  floor.  Floor  scuppers  should.be 
arranged  to  reduce  water  damage  in  lower  stories. 

Basement  or  lower  floors  should  preferably  be  .  of  cement  as 
rapid  decay  or  dry  rot  is  likely  to  ensue  if  wood  floors  are  laid  in 
such  locations  unless  special  provision  is  made  to  protect  the  wooden 
floors  from  deterioration. 

The  best  method  where  wooden  floors  are  required  is  to  prepare 
a  foundation  of  crushed  stone,  cinders  or  slag,  covering  the  same 
with  a  thick  layer  of  hot  tar  concrete,  over  which  is  laid  tarred 
felt  well  mopped  with  hot  tar  or  asphalt  The  wood  floor  should 
be  of~two  inch  well  seasoned  plank,  and  pressed  on  the  hot  tar  or 
asphalt  foundation  floor.  The  plank  should  be  nailed  on  edge  with- 
out perforating  the  waterproofing  under  it ;  the  finished  hardwood 
floor  boards  should  be  nailed  across  the  plank.  Suitable  provision 
should  be  made  for  draining  basement  floors.  /  \^i^n\c> 
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Roofs  to  be  of  three  inch  splined  pine  plank  spiked  to  the  roof 
timbers  and  covered  with  five-j^Iy  tar  and  gravel  or  approved  com- 
position roofing ;  roofs  should  pitch  one-half  inch  to  three-fourths 
inch  per  foot.  Where  there  are  exposing  buildings  the  walls  should 
be  parapeted  and  coped  with  terra  cotta. 

Timbers  and  Columns. — No  timbers  less  than  six  inches  in 
width  should  be  used.  Timber  should  be  of  sound  Georgia  pine. 
Single  sticks  are  preferred  for  sizes  up  to  fourteen  by  sixteen 
inches,  but  owing  to  the  market  conditions  large  timbers  are  not 
always  available,  in  which  event  it  is  customary  to  bolt  two  seven 
or  eight  inch  by  sixteen  inch  timbers  together,  without  air  space 
between.  Timbers  should  not  be  painted,  varnished  or  filled  for 
several  years  on  account  of  danger  due  to  dry  rot.  The  ends  of 
timbers  should  be  protected  against  dry  rot  by .  providing  an  air 
space  in  the  masonry  around  the  same.  All  timbers  should  be 
arranged  to  rest  on  cast  iron  plates  or  beam  boxes  in  the  walls 
and  on  cast  iron  caps  on  the  columns.  Beam  boxes  are  of  value 
as  they  strengthen  the  walls  and  distribute  the  loads  evenly.  The 
laying  of  the  brickwork  and  erecting  the  beams  is  also  facilitated. 
The  proper  air  3pace  around  end  of  beams  is  also  insured  by  this 
arrangement. 

Columns  to  be  of  southern  pine.  There  should  be  a  one  and 
one-half  inch  hole  bored  through  the  centre,  and  one-half  inch 
vent  holes  top  and  bottom.  In  making  calculations  to  safely  bear 
the  superimposed  loads  allowance  should  be  made  to  provide  for 
sectional  areas  of  columns  which  will  carry  the  loads  after  two 
inches  of  their  diameter  have  been  reduced  to  charcoal  by  fire. 

Columns  should  be  accurately  set  on  pintles,  which  may  be  cast 
in  one  piece  including  the  cap,  or  separately. 

Where  floor  loads  are  heavy,  cast  iron  or  steel  columns  are  often 
found  more  practical  than  wood,  but  the  use  of  structural  metal 
should  be  avoided  unless  it  is  thoroughly  fireproofed.  No  ordinary 
fire  is  likely  to  consume  an  upright  post  of  twelve  inches  diameter, 
since  the  charring  of  the  surface  tends  to  preserve  the  inner  and 
untouched  core ;  experience  has  demonstrated  the  value  of  mill  con- 
struction, especially  when  buildings  are  equipped  with  proper  fire 
protective  devices,  but  it  is  seldom  wise  to  incorporate  this  type  of 
construction  in  buildings  over  four  stories  in  height.  In  fact  with 
the  competitive  costs  of  fire  proof  construction,  it  is  becoming  more 
feasible  to  construct  buildings  requiring  calculations  for  heavy  floor 
loads  entirely  of  fireproof  materials,  especially  structures  over  four  ^ 
stories  in  height  and  where  the  floor  loads  are  150  pounds  to  the 
square  foot  and  over.  ^.^.^.^^^  by GoOglC 
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Mill  construction  or  slow-burning  construction  requires  the  as- 
sembling of  the  heavy  timbers  in  such  a  manner  as  to  retain  the 
full  strength  of  the  timbers,  whether  in  columns,  beams  or  girders. 
As  all  timber  is  more  or  less  subject  to  shrinkage  due  to  the  present 
methods  of  seasoning,  and,  in  addition,  the  physical  changes  con- 
stantly taking  place  in  manufacturing  or  warehouse  properties,  this 
condition  must  be  properly  met  and  curtailed  as  much  as  possible 
in  the  assembling  of  the  beams  and  girders.  Otherwise,  the  settle- 
ment in  girders  or  beams  might  necessitate  cutting  out  the  flooring, 
or  where  shafting  is  arranged  in  connection  with  hangers  supported 
by  the  beams,  the  unequal  alignment  is  likely  to  cause  hot  bearings 
in  addition  to  constant  expenditures  in  the  maintenance  of  proper 
alignment. 

Mill  construction  originally  involved  the  assembling  of  the  posts 
and  girders  in  such  a  manner  that  the  posts  were  spaced  from  eight 
to  ten  feet  apart,  the  girders  being  supported  directly  over  the  posts. 
Modern  requirements  demand  the  fnaximum  available  amount  of 
unobstructed  floor  space  thus  eliminating  as  many  posts  as  possible, 
with  the  result  of  a  change  in  the  method  of  supporting  the  floor 
plaTiking.  The  elimination  of  posts  requires  the  adoption  of  main 
girders  to  carry  intermediate  beams;  the  method  of  supporting  the 
beams  from  the  girders  largely  determines  the  proper  rating  of 
this  class  of  construction,  as,  the  framing  is  governed  by  the  effi- 
ciency of  the  connecting  support  or  hanger.  , 

Wrought  iron  and  steel  stirrups  have  been  used  extensively  for 
the  support  of  floor  beams,  headers,  and  girders,  and  until  recent 
years  no  comparative  tests  have  been  made.'  Several  accidents  and 
scientific  tests  have  demonstrated  the  inherent  weakness  which 
always  exists  in  this  form  of  support.  There  is  a  tendency  to  fail 
by  the  bending  of  the  stirrup  as  well  as  the  crushing  of  the  wood 
at  the  top  of  the  supporting  beam  which  causes  the  stirrup  to  rise 
on  the  opposite  side,  with  the  constant  danger  of  the  stirrup  slipping 
over  the  carrying  beam- 
Patent  joist  hangers  ^re  on  the  market  which  have  b^^n  success- 
fully tested  and  are  now  approve^  by  the  underwriters'  orgam;sa- 
tions.  These  hangers  have  been  designed  with  a  view  to  minimising 
settlemefit  due  to  shrinkage  in  the  main  supporting  beams  and 
girders. 

Wall  hangers  should  incorporate-  the  same  principles  as  joist 
hangers;  the  object  being  to  secure  a  proper  distribution  of  the 
loads  over  the  bearing  surface  of  the  masonry,  while  at  the  same 
time  possessing  the  requisite  tensile  strength  in  the  sides  and  bot- 
tom.   A  proper  wall  hanger  will  meet  the  following  requirements; 
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1st.  The  regular  bond  of  masonry  will  nojt  be  broken.  2d.  The 
bearing  of  timbers  on  the  walls  will  be  adequate.  3d.  Secure 
anchorage  will  be  maintained.  4th.  Dry-rot  will  be  reduced  to  a 
minimum;    5th.   The  tiilibers  will  be  self-releasing  in  case  of  fire. 

SEMI-MILL  CONSTRUCTION 

Semi-mill  or  compromise  construction  is  the  stepping  stone  be- 
tween the  ordinary  joisted  construction  and  standard  mill  construc- 
tion; instead  of  a  number  of  joist  spaced  from  twelve  to  eighteen 
inches  apart,  heavier  timbers  are  used  and  spaced  from  three  to 
six  feet  apart,  these  timbers  being  designated  as  beams  in  semi-miU 
construction.  In  both  joisted  and  semi-mill  construction  the  joist 
and  beams  are  generally  carried  by  main  girders  which  are  spaced 
from  sixteen  to  twenty-five  feet  apart,  the  common  method  being 
to  support  the  beams  on  iron  hangers  or  stirrups  where  they  inter- 
sect the  main  girders.  This  arrangement  is  jused  frequently  instead 
of  the  preferable  method  of  allowing  the  beams  to  rest  on  top  of- 
the  girders,  the.  stirrup  arrangement  being  used  to  save  head  room. 
Large  beams  are  frequently  hung  in  stirrups  having  but  two  or 
three  inches  .of  bearing,  which  requires  extra  ties  or  straps.  With 
such  an  arrangement  the  beams  are  not  self-releasing  and  are  likely 
to  cause  severe  damage  in  case  of  shopk  or  vibration,  or  of  condi- 
tions ,due  to  unequal  loading  on  the  floors. 

The  arrangement  of  floor  timbers  in  semi-mill  construction  often 
defeats  ftn  object  which  is  of  vital  importance,  that  is,  in  securing 
the  utmost,  effectiveness  from  the  fire  protective  devices,  whether 
from  hose  streams  or  automatic  sprinklers,  as  the  beams  often 
obstruct  the  full  action  of  the  hose  streams  or  automatic  sprinklers. 
There  is  a  variance  of  opinion  as  to  the  consistent  arrangement 
and  number  of  automatic  sprinklers  required  for  the  proper  pro- 
tcctiori  of  buildings  so  constructed  owing  to  the  obstruction  to  dis- 
tribution Occasioned  by  the  beams. 

The  stairs  and  elevators  in  this  type  of  building  are  often  ar- 
ranged within  the  main  areas  instead  of  within  substantial  brick 
towers  as  in  standard  mill  cotistf-uction. 

The  ihtroduction  of  wood  sheathing  and  light  frame  partitions 
is  a  fr'^uent  condition  found,  which  defeats  the  object  of  good 
construction.  The  roof  construction  is  frequently  of  light  timbers, 
with  the  introduction  of  unnecessary  hip  or  valley  rafters  which 
complicate  and  add  to  the  expense  of  automatic  sprinkler  equip- 
ments. While  buildings  of  this  type  are  as  a  rule  superior  to  joisted 
or  quick  burning  construction  they  are  vastly  inferior  to  a  mill  of 
standard  construction.  Digitized  by  GoOglC 
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COMPOSITE  CONSTRUCTION— STEEL  AND  PLANK 

The  requirements  for  certain  classes  of  manufacture  call  for  a 
maximum  amount  of  unobstructed  floor  space,  or  clear  girder  spans 
which  are  impractical  by  the  use  of  plank  and  timber  forms  of 
construction.  Well  seasoned,  sound  timber,  suitable  for  girders  of 
long  spans,  is  rapidly  becoming  scarce  in  most  markets,  or  else  the 
prices  are  becoming  prohibitive.  Solid  sticks  of  timber  for  spans 
over  25  feet  are  impractical  when  used  for  floor  girders  in  connec- 
tion with  manufacturing  or  warehouse  properties.  Structural  steel 
I  beams  fill  the  requirements  for  spans  up  to  30  feet.  Building 
operations  in  the  zone  of  the  steel  markets,  where  the  materials 
and  expert  labor  are  available,  have  been  successful  through  the 
employment  of  structural  steel  columns  and  girders,  with  the  intro- 
duction of  plank  floors. 

In  the  designing  of  this  type  of  construction,  it  is  necessary  to 
fabricate  the  metal  to  meet  the  class  of  proposed  occupancy.  The 
conditions  as  to  fixed  or  vibrating  machinery  should  be  well  con- 
sidered in  the  design  and  spans  of  the  structural  members.  Pro- 
vision should  always  be  made  for  the  proper  tieing  of  the  structural 
members  to  the  wall  masonry,  and  the  possible  deflection  or  vibra- 
tion of  beams  and  girders  should  be  considered  in  the  design. 

As  structural  metal  work  is  readily  destroyed  under  the.  influence 
of  fire,  provision  should  be  made  in  the  designing  of  columns,  to 
arrange  the  units  or  sections  in  such  a  manner  as  to  readily  admit 
pf  the  application  of  fireproofing  materials. 

The  columns  in  this  class  of  construction  are  usually  fireproof ed 
by  the  application  of  wire  lath  and  cement  plaster.  Some  engineers 
prefer  to  encase  the  columns  in  solid  concrete,  which  is  poured  in 
wooden  forms  arranged  around  the  structural  metal  work.  A 
minimum  thiclcness  of  2  inches  between  the  metal  and  concrete 
should  always  be  provided.  With  the  column  solidly  encased  in 
concrete,  the  daYiger  from  riist  is  remote;  and  with  solidly  encased 
columns  and  beams,  these  Structure  members  become  more  monolith 
in  character,  which  tends  to  reduce  vibration  and  deterioration. 

The  floor  planking  is  secured  to  the  I  beams  by  •  arranging  a 
timber,  usually  4  inches  thick,  on  the  top  flange  of  the  beam.  In 
order  to  secure  a  maxirnum  amount  of  rigidity  this  timber,  or  nail- 
ing piece,  should  be  bolted  to  the  flange  of  the  beam,  suitable  holes 
having  Jbeen  punched  at  the  steel  mill  for  this  purpose.  The  splined 
plank  and  hardwood,  wearing  floor  can  be  arranged  similarly  to  the 
standard  mill  constructed  floor. 

The  desired  stiffness  of  the  floor  between  the  girder^. .  may;  be 
secured  by  providing  a  suitable  thickness  of  plankit^j^xMl^^ould 
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be  governed  by  the  spacing  of  the  girders  and  conditions  due  to 
floor  loads  or  specific  kind  of  machinery. 

As  this  type  of  floor  is  practically  a  single  unit,  and  as  longi- 
tudinal contraction  is  likely  to  ensue  under  certain  conditions,  espe- 
cially where  the  floors  may  be  constructed  by  joists  or  timbers  on 
edge  spiked  together,  provision  should  be  made  for  a  continuous 
joint  in  the  under  flooring,  at  intervals. 

The  spacing  of  columns  and  girders  is  governed  by  the  require* 
ments  of  the  structure;  girder  spacings  of  from  6  to  12  feet  are 
often  adopted  and  columns  are  spaced  from  8  to  20  feet. '  In  the 
greater  widths,  th'e  cross  girders  are  often  arranged  to  bear  on  main 
longitudinal  girders  running  from  column  to  column. 

This  type  of  construction  admits  of  a  maximum  amount  of  floor 
area;  permits  provision  being  made  for  a  maximum  amount  of 
light,  and,  with  the  plank  floors,  machinery  and  shafting  can  be 
rearranged  or  installed  at  a  minimuiji  cost.  Machine  shops  and 
light  manufacturing  processes  have  been  successfully  arranged  in 
this  type  of  structure.  Properties  constructed  for  tenant  purposes 
are  a  success  in  this  form  of  construction  as  changes  or  new  instal- 
lations in  machinery  can  be  accomplished  without  destroying  the 
floor  construction,  and  such  changes  can  be  made  at  a  minimum  cost. 

FIREPROOF  FLOORS  BETWEEN  STEEL  BEAMS 
Monolithic   Construction 

Monolithic  Construction. — This  type  of  construction  consists  of 
a  structural  steel  frame  with  segmental  arches  or  flat  slabs  between 
or  over  the  steel  beams.  The  malerial  is  generally  placed  in  posi- 
tion in  a  plastic  state  on  temporary  wood  or  permanent  metal  cen- 
tering and  allowed  to  set  or  harden.  In  the  monolithic  construction 
the  thrust  is  largely  eliminated  and  there  is  no  liability  of  settling 
or  displacement  of  parts.  If  the  insulating  material  is  properly 
made  and  applied,  such  material  should  be  of  a  nature  to  resist  the 
action  of  fire  with  the  resultant  expansion  stresses  due  to  sudden 
application  of  hose  streams.  Sufficient  material  should  be  used  to 
insure  adequate  protection  to  the  structural  members.  A  concrete 
made  of  cinders  in'  such  a  manner  that  the  voids  will  be  well  filled 
provides  a  good  protection  for  structural  steel  against  corrosion  as 
well  as  fire.  Cinder  concrete,  however,  in  a  damp  atmosphere  where 
the  cinders  are  not  imbedded  in  a  sufficient  matrix  of  cement  mor- 
tar would  be  conducive  to  the  rapid  corrosion  of  the  structuVal  metal 
work.  It  is  important  that  the  structural  metal  be  cleaned  of  mill 
scale  and  rust  prior  to  the  placing  of  the  protective  materials.  Some 
authorities  advocate  covering  the  surface  of  the  metal  with  a  simple 
mixture  of  Portland  cement  and  sand  as  an  extra  precaution. 
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Construction  Consisting  of  Assembled  Parts 

Assembled  Parts. — This  system  involves  the  use  of  segmental  or 
flat  arches  constructed  of  hollow  tile,  which  arrangement  makes  it 
necessary  to  provide  for  the  proper  tieing  of  the  floor  beams  to  take 
up  the  thrust  of  the  arches.  It  is  of  vital  importance  that  the  arches 
be  properly  erected,  and  that  all  joints  be  perfect,  allowing  full 
bearing  over  the  entire  surface  of  the  joints.  Special  precautions 
should  be  taken  in  the  case  of  "  End  Construction  " — that  is  where 
the  cellular  spaces  and  webs  run  at  right  angles  to  the  beams, — 
the  blocks  should  be  accurately  set  so  that  the  adjacent  ribs  or 
webs  come  opposite  each  other'  and  form  a  continuous  rib  or  web 
from  skewback  to  skewback.  With  imperfect  joints  arches  of  this 
class  will  settle,  causing  cracks,  which  will  not  only  destroy  the 
finished  ceiling,  but  cause  failure  as  a  fire  retardant. 

In  arches  adjacent  to  exterior  walls  the  tie  rods  should  be  care- 
fully protected  so  as  to  prevent  thrust  against  the  walls  in  case 
of  fire. 

Construction  with  Light  Metal  Constituents 

Construction  with  Light  Metal  Constituents. — Fireproofing 
material  in  the  form  of  a  flat  arch  or  flat  slab  acts  like  a  beam,  the 
upper  portion  of  the  section  beir.g  in  compression  and  the  lower 
portion  in  tension.  As  no  building  materials  adapted  for  this  pur- 
pose are  as  strong  in  tension  as  in  compression,  light  metal  elements 
or  units  are  introduced  to  strengthen  that  portion  of  the  section 
that  is  in  tension.  By  the  use  of  metal  as  a  reinforcing  material  a 
much  thinner  and  lighter  con-struction  of  the  requisite  strength  may 
be  obtained.  In  assembled  construction  the  metal  elements  are  im- 
bedded in  the  mortar  joints.  In  monolithic  construction  the  metal 
is  imbedded  in  the  material  while  in  a  plastic  state. 

The  metal  generally  consists  of  steel  in  the  form  of  wire,  rods, 
bars,  or  sheet  metal  expanded  into  open  meshes.  If  properly  im- 
bedded the  metal  adds  greatly  to  the  strength  of  the  construction. 
As  that  portion  of  the  material  which  is  in  tension  is  usually  the 
underside  of  the  beam  or  slab,  the  metal  in  order  to  develop  its 
maximum  efficiency  should  be  located  as  far  as  possible  from  the 
neutral  axis  or  near  the  under  surface  of  the  construction.  In  this 
positiori,  however,  it  is  very  much  exposed  and  in  case  of  fire  of 
any  magnitude  the  heat  would  soon  render  the  metal  constituents 
valueless.  As  an  element  of  strength  in  constructions  of  this  class, 
the  imbedded  metal  should  be  located  as  far  as  practicable  from  the 
under  surface. 

Fireproofing. — Types  of  fireproof  floors  in  which  the  under  sur- 
face of  the  materials  of  construction  is  belowtizfehev  ^o^K^^ange  of 
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the  steel  beams  afford  generally  a  better  protection  for  the  beams 
than  those  types  in  which  the  beams  project  below  the  flooring  and 
are  protected  by  a  covering.  In  the  latter  case  three  sides  of  the 
beam  or  girder  covering  are  exposed  to  the  flame,  and  heat  in  case 
of  fire.  The  thickness  of  covering  in  such  forms  of  construction 
should  be  carefully  designed  so  as  to  provide  suitable  protection 
as  the  special  conditions  may  warrant. 

For  warehouses,  factories,  stores  and  such  buildings  which  may 
be  filled  with  inflammable  and  other  goods,  and  in  which  the  floors 
are  subject  to  heavy  moving  or  jarring  loads,  the  segmental  arch 
form  of  construction  will  generally  .be  found  the  strongest,  safest 
and  most  economical. 

For  public  buildings,  libraries,  and  other  high  class  buildings  in  , 
which  expensive  interior  finish  enters,  the  monolithic  construction 
with  flat  ceilings  gives  the  best  results.  The  finished  ceilings  are 
generally  suspended  under  the  rough  constructive  members,  the 
finished  plastering  being  applied  to  wire  or  expanded  metal.  The 
monohthic,  construction  will  preserve  the  integrity  of  the  floor 
finish  and  the  wire  ceilings  if  properly  constructed  will  prevent 
the  cracking  and  discoloration  of  the  finished  plaster  work. 

FLOOR  DRAINAGE  AND  SCUPPERS 

Water  damage  in  many  cases  is  much  in  excess  of  the  actual 
fire  loss.  To  guard  against  this,  thoroughly  waterproof  floors  are 
essential ;  even  in  apartments,  as  evidenced  by  the  heavy  water 
damage  in  the  Alwyn  Apartment  fire  in  New  York,  this  water- 
proofing should  be  provided.  In  this  case,  although  the  building 
was  fireproof,  the  water  necessary  to  extinguish  a  fire  on  one  floor 
seeped  through  to  several  floors  below,  because  sufficient  attention 
had   not  been   paid  to  waterproofing. 

In  joisted  buildings,  the  flooring  is  usually  so  thin  and  poorly 
laid  as  to  readily  let  water  through,  but  even  with  such  floors,  if 
a  proper  pitch  is  given  to  the  floor  to  drain  to  a  doorway,  stairwell 
or  elevator  opening,  much  damage  can  be  prevented  by  salvage 
corps  and  firemen  by  sweeping  the  water  away. 

In  mill  or  "fireproof  buildings  the  waterproofing  is  a  simpler 
matter  and  requires  only  a  little  care  ih  the  laying  or  •placing  of 
the  floors  and  the  flashing  around  the  walls. 

It  is  considered  good  practice  to  build  floors  with  a  pitch  of  one 
inch  in  twenty  feet; — basement  floors  should  be  pitched  towards 
and  drained  to  elevator  pits  which  should  be  three  feet  deep  and 
connected  to  sewer  or  a  well  to  carry  off  the  water. 

Standard  brick  stair  and  elevator  towers  often  provide  good 
means  for  disposing  of  water  but  there  is  mor^tizgffbyfesOdi^i^  in 
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sweeping  up,  especially  where  the  floors  are  not  properly  graded 
or  where  the  floor  areas  are  large;  the  drains  and  pits  at  bottom 
of  elevator  shafts  are  frequently  too  small  to  carry  off  quantities  of 
water,  such  a  condition  could  readily  lead  to  heavy  water  losses 
in.  basements  containing  perishable  materials. 

To  secure  an  efficient  watertight  floor,'  it  is  necessary  to  arrange 
not  only  a  suitable  surfacing,  but  special  precautions  should  be 
taken  at  all  openings  where  pipes  or  conduits  extend  through  the 
floors,  watertight  metal  thimbles  should  be  arranged  around  pipes, 
suitable  curbing  should  be  arranged  at  the  walls  and  around  columns. 

In  all  buildings  where  goods  are  stored  or  manufactured,  and 
especially  if  the  building  is  equipped  with  sprinklers,  there  should 
be  properly  designed  scuppers  of  sufficient  capacity  to  prevent  the 
water  rising  to  a  height  that  will  damage  gooSs. 

Several  makes  of  scuppers  are  on  the  market  but  these  are 
patented.  The  most  common  type  is  one  extending  through  the 
side  wall,  with  a  slight  slant  and  with  a  wider  mouth  on  the  inside. 
Another  type  consists  of  pipes  extending  down  through  the  various 
stories  with  inlet  slots. 

There  are  no  insurance  regulations  covering  scuppers;  a  National 
Fire  Protection  Association  Committee  issued  an  advance  report 
on  this  subject  at  the  annual  meeting  in  191 5,  but  it  was  not  adopted, 
because  it  described  patented  articles. 

There  are  several  features  which  must  be  covered:  they  must 
be  of  such  design  as  not  to  allow  any  water  to  stand  on  the  floor 
before  starting  discharge,  must  not  allow  passage  of  fire  or  smoke 
from  one  floor  to  another  and  must  be  of  such  capacity  and  in  such 
number  as  to  prevent  water  from  a  reasonable  number  ^of  sprinkler 
heads  or  fire  streams  flooding  the  fleor  sufficiently  to  wet  goods 
on  4  to  6'inch  skids.  In  addition  they  must  be  so  located  and  pro- 
tected as  to  give  a  free  opening  and  not  be  stopped  up  by  the  piling 
of  goods.  Also  they  must  not  be  of  a  design  that  will  allow  such 
an  amount  of  cold  air  in  the  winter  time  that  there  will  be  a  ten- 
dency to  stuff  paper  or  rags  in  the  opening. 

ROOF  COVERINGS 

Roof  Coverings  inspected  and  classified  in  accordance  with  Underwriters* 
Laboratories*  "  Standard  for  Roof  Coverings,  Test  Specifications  and  Classifi- 
cation Schedule/'  bear  labels  attached  to  each  container  of  finished  roofing 
or  roofing  material.  Labels  for  different  classes  are  lettered  and  colored  as 
follows : 

Letter  Color  Background  lettering 

Class  A White Orange 

Class  B White.' Red 

Class  C Red Yellow 

Class  D, Yellow Red 

c\lll  F.' ; .' : : : : : : : : :  .* : :  .orang^: :.'.'..'.'.  y^nw^y'^^S^^ 
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As  regards  the  fire  hazard,  roof  coverings  are  classified  as  (i)  Standard, 
(2)    Fire   Retarding,   and    (3)    Flammable. 

I.  Standard. — Includes  the  Underwriters'  Laboratories'  Classes  A  and  B. 
'  2.  Fire  Retarding. — Inoludes  the  Underwriters*  Laboratories*  Classes  C,  D, 
E  and  F. 

3.  Flammable. — ^Includes  the   Underwriters*  Laboratories*   Classes  G  and  H. 

For  dwellings,  standard  or  fire  retarding  roof  coverings  are  acceptable. 
Where  flammable  roof  coverings  arc  used  on  this  clas^  of  property,  the 
increased   fire   hazard   should   be   recognized. 

For  mercantile  and  other  business  property  standard  roof  coverings  should 
be  used.  In  general  where  fire  retarding  or  flammable  roof  coverings  are 
used  on  this  class  of  property,  the  differences  in  the  fire  hazard  should  be 
recognized. 

Class  A  includes  roof  coverings  which  are  not  flammable  and  do  not  carry 
or  communicate  fire;  which  afford  a  very  high  degree  of  heat  insulation  to 
the  roof  deck;  which  possess  no  flying  brand  hazard;  which  do  not  slip  from 
position  when  exposed  to  high  temperature,  and  which  are  durable  and  do  not 
require    frequent   repairs. 

Class  B  includes  roof  coverings  which  are  not  readily  flammable  and  do 
not  carry  or  communicate  fire;  which  afford  a  high  degree  of  heat  insula- 
tion to  the  roof  deck;  which  possess  little  or  no  flying  brand  hazard;  which 
do  not  slip  from  position  to  a  serious  degree  when  exposed  to  high  tem- 
perature, and  which  are  durable  and  do  not  require  frequent  repairs. 

Class  C  includes  roof  coverings  which  are  not  readily  flammable  an<d  do  not 
carry  or  communicate  fire  to  a  serious  degree;  which  afford  at  least  a  moderate 
degree  of  heat  insulation  to  the  roof  deck;  which  possess  little  or  no  flying 
brand  hazard;  which  do  not  slip  from  position  to  a  serious  degree  when 
exposed  to  high  temperatures,  and  which  are  durable  but  may  require  occa- 
sional  repairs. 

Class  D  includes  roof  coverings  which  are  not  readily  flammable  and  do 
not  carry  or  communicate  fire  to  a  serious  degree;  which  afford  at  least  a 
slight  degree  of  heat  insulation  to  the  roof  deck;  which  may  possess  a  slight 
'flying  brand  hazard;  which  do  not  slip  from  position  to  a  serious  degree 
when  exposed  to  high  temperatures,  and  which  are  durable,  but  may  require 
occasional  repairs. 

Class  E  include  roof  coverings  which  are  not  readily  flammable  but  will 
carry  and  communicate  fire  when  exposed  to  severe  fire  conditions;  which 
afford  at  least  a  slight  degree  of  heat  insulation  to  the  roof  deck;  which 
may  possess  a  slight  flying  brand  hazard;  which  do  not  slip  from  position 
to  a\  serious  degree  when  exposed  to  high  temperatures;  which  are  durable 
but   may  require  maintaining. 

Class  F  includes  roof  coverings  which  are  not  readily  flammable  but  will 
carry  and  communicate  fire  when  exposed  to  severe  fire  conditions;  which 
afford  but  little  heat  insulation  to  the  roof  deck;  which  may  possess  a  slight 
flying  brand  hazard;  which  do  not  slip  from  position  to  a  serious  'degree 
when  exposed  to  high  temperatures,  and  which  are  durable  but  may  require 
maintaining. 

Class  G  includes  roof,  coverings  which  are  flammable  and  will  carry  and 
communicate  fire  whtn  exposed  to  fire  conditions;  which  afford  little  or  no 
heat  insulation  to  rpof  deck;  which  possess  a  serious  flying  brand  hazard; 
which  slip  from  position  to  a  serious  degree  when  exposed  to  high  tempera- 
tures,   and   which   may    require    frequent    repairs   and    renewals. 

Class  H  includes  roof  coverings  which  are  a  menace  to  property  and  which 
have  repeatedly  demonstrated  their  hazardous  nature  as  conflagration  breeders. 

The  following  manufacturers  are  equipped  to  furnish  labeled  roofings  Jmd 
roofing  materials  as  described  below: 
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Built  Up  Tjrpe 

Class  A. — 

Barrett  Specification  Roof  Coverings  with  gravel  or  crushed  slag  com- 
posed of  Barrett   Specification   Roofing  materials. 

Built  up  type,  non-combustible  surfaced.  Five  plies.  Flashings  and  trim- 
mings of  16  oz.  copper  or  heavier.  Assembled  in  accordance  with  Barrett 
specifications.  Attached  by  nailing,  mopping  of  pitch,  or  both.  Limited  to 
non-combustible  roof  decks  of  standard  construction  having  inclines  not 
exceeding    i    inch    to    foot   horizontal. 

New   York,   Barrett  Mfg.   Co.,    17   Battery   PI. 

J.  M.  Specification  Asbestos  Roof  Coverings,  three-ply  pattern,  composed 
of  J.  M.  Specification  Asbestos  Roofing  materials.^ 

Built  up  type,  smooth  surfaced.  Three  plies.  Flashings  and  trimmings. 
J.  M.  Asbestos  Flashing  Material  or  16  oz.  copper  or  heavier.  Assembled 
in  accordance  with  J.  M.  specifications  laid  directly  over  and  attached  by 
cement-  and  nails  to  non-combustible  roof  decks  having  inclines  ftot  exceeding 
3    inches   to    foot   horizontal. 

New  York,  Johns-Manville  Co.,  H.   W.,  Madisop  Ave.  and  41st  St. 

Class  B. — 

Barrett  Specification  Roof  Coverings  with  gravel  or  crushed  slag  com- 
posed of  Barrett   Specification  Roofing  materials. 

Built  up  type,  non-combustible  surfaced.  Five  plies.  Flashings  and  trim- 
mings of  16  oz.  copper  or  heavier.  Assembled  in  accordance  with  Barrett 
specifications.  Attached  by  nailing,  mopping  of  pitch,  or  both.  Limited  to 
combustible  and  non-combustible  roof  decks  having  inclines  not  exceeding  3 
inches  to   foot  horizontal. 

New   York,   Barrett  Mfg.  Co.,    17   Battery   PI. 

J.  M.  Specification  Asbestos  Roof  Coverings,  three-ply  pattern,  composed 
of  J.   M.   Specification  Asbestos  Roofing  materials. 

Built  up  type,  smooth  surfaced.  Three  plies.  Flashings  and  trimmings. 
J.  M.  Asbestos  Flashing  Material  or  16  oz.  copper  or  heavier.  Assembled 
in  accordance  with  J.  M.  specifications  laid  directly  over  and  attached  by 
cement  and  nails  to  non-combustible  roof  decks  having  inclines  not.  exceeding 
6  inches  to  foot  horizontal. 

Four    and    five-ply   patterns. 

Built  up  type,  smooth  surfaced.  Four  or  five  plies.  Flashings  and  trim- 
mings J.  M.  Asbestos  Flashing  Material  or  16  oz.  copper  or  heavier.  Assem- 
bled in  accordance  with  J.  M.  specifications,  laid  directly  over  and  attached 
by  cement  and  nailing  to  combustible  and  non-combustible  roof  decks,  capable 
of  receiving  and  retaining  nails,  where  inclines  do  not  exceed  6  inches  to 
foot    horizontal. 

New   York,  Johns-Manville  Co.,   H.    W.,  Madison   Ave.   and  41st    St. 

Prepared  Tjrpe 

Class   B. — 

Brooks  Brand  Asbestos  Roof  Coverings.  Four-ply  pattern.  Composed  of 
Brooks    Brand   Asbestos    Roofings. 

Prepared  type,  smooth  surfaced.  Single  thickness.  Attached  by  nailing- 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving 
and  retaining  nails  and  to  inclines  exceeding  3  ins.  to  ft.  horizontal. 

New  York,  Johns-Manville  Co.,  H.   W.,  Madison  Ave.  and  41st   St. 

Class  C. — 

Brooks  Brand  Asbestos  Roof  Coverings.  Three-ply  pattern.  Composed  of 
Brooks    Brand    Asbestos    Roofings.  Digitized  by  CjOOQ IC 
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Prepared  type,  smooth  surface.  Single '  thickness.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks-  capable  of  receiving 
and  retaining  nails  and  to  inclines  exceeding  3  ins.  to  ft.  horizontal. 

New  York,  Johns-Manville  Co.,  H.   W.,   Madison  Ave.   and  4i8t   St.     . 

Class   F.— 

Arc  Ready  Roof  Coverings.  Two  and  three-ply  patterns.  Composed  of 
Arc  Ready  Roofings. 

Prepared  type.  Smooth,  sanded,  or  grit  surfaced,  single  thickness.  At- 
tached by  nailing.  Limited  to  combustible  and  non-combustible  roof  decks 
capable  of  receiving  and  retaining  nails  and  to  inclines  not  exceeding  3 
inches    to    foot    horizontal. 

Chicago,    Amalgamated    Roofing   Co.,*  431    S.    Dearborn    St. 

Mule-Hide  Roof  Coverings.  Two,  three  and  four-ply  patterns.  Composed 
of  Mule-Hide   Roofings. 

Prepared  type.  Smooth  surfaced.  Single  thickness.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving 
and  retaining  nails  and  to  inclines  not  exceeding  3  inches  to  foot  horizontal. 

Chicago,    Lehon    Co.,   The,    W.    45th    St.    and    Oakley   Ave. 

Arrow  and  Protection  Brands  Asphalt  Ready  Roof  Coverings.  Composed 
of    Arrow    or    Protection    Brand    Roofings. 

Prepared  type,  grit  surfaced.  Single  thickness.  Attached  by  nailing.  Lim- 
ited to  combustible  and  non-combustible  roof  decks  capable  of  receiving  and 
retaining  nails  and  to  inclines  exceeding  3  ins.   to  the   ft.   horizontal. 

New  York,   N.   Y.,  Asphalt  Ready   Roofing  Co.,   9  Church   St. 

Regal  Brand  Asbestos  Roof  Coverings.  Two  and  three-ply  patterns. 
Composed    of    Regal    Brand    Asbestos    Roofings. 

Prepared  type,  smooth  surface.  Single  thickness.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving 
and  retaining  nails  and  to  inclines  exceeding  3   ins.   to   ft.   horizontal. 

New  York,  Johns-Manville  Co.,  H.   W.,  Madison  Ave,   and  41st  St. 

Ru-ber-oid  Roof  Coverings.  Heavy  and  extra  heavy  patterns;  and  colored 
Ru-ber-oid   heavy  pattern.      Composed   of   Ru-ber-oid   roofings. 

Prepared  type,  smooth  surfaced.  Single  thickness.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving 
and  retaining  nails  and  to  inclines  exceeding  3  inches  to  the  foot  horizontal. 

New  York,   Standard  Paint  Co.,  The,  Woolworth   Bldg. 

Vulcanite  Prepared  Asphalt  Roof  Coverings.  Two,  three  and  four-ply 
standard,   extra   heavy   patterns.      Composed    of    Vulcanite    Prepared    Roofings. . 

Prepared  type.  Smooth,  sanded  and  grit  surfaced.  Single  or  laminated. 
Attached  by  nailing.  Limited  to  combustible  and  non-combustible  roof  decks 
capable  of  receiving  and  retaining  nails  and  to  inclines  exceeding  3  inches 
to   the   foot. 

Chicago,  Hi.,   Patent  Vulcanite   Roofing  Co.,  Oakley  Ave.   and  49th  St. 

Shingle   Type 
Class  B.— 

Asbestos  Century  Shingle  Roof  Coverings.  Composed  of  Asbestos  Century 
shingles. 

Thatched  type,  smooth  surfaced.  Three  thicknesses.  Flashings  and  trim- 
mings 16-0Z.  copper.  No.  26  gauge  galvanized  iron  or  heavier,  and  Asbestos 
Ridge  Rolls.  Assembled  at  building,  laid  directly  over  and  attached  by  nailing 
to  roof  decks  capable  of  receiving  and  retaining  nails,  where  inclines  exceed 
4   inches   to  the   foot   horizontal. 

Asbestos  Century  Shingle  Roof  Coverings,  laid  American  method.  Com- 
posed of  Asbestos  Century  Shingles.  Digitized  by  GOOglC 
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Thatched  type,  smooth  surfaced: .  Two  thickness^.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving 
and  retaining  nails  and  to  inclines  exceeding  4  inches  to  foot  horizontal. 

Ambler,    Pa.,    Keasby    &    Mattison    Co. 

J,-M  Transite  Asbestos  Shingle  Roof  Coverings.  Two  thicknesses.  Laid 
American   method.      Composed   of  J-M    Transite   Asbestos    Shingles. 

Thatched  type,  smooth  surfaced.  Flashings  and  trimmings  i6*oz.  copper, 
No.  26  gauge  galvanized  iron  or  heavier,  and  J-M  Transite  Asbestos  Ridge 
Rolls.  Attached  by  nailing.  Limited  to  decks  capable  of.  receiving  and 
retaining  nails  and  to  inclines  exceeding  4  inches  fall  to  the  foot  horizontal. 

New  York,  Johns-Man ville  Co.,   H.   W.,   Madison   Ave.   and  41st   St. 

Class  C. — 

Asbestos  Century  Shingle  Roof  Coverings,  laid  French  method.  Composed 
of  Asbestos   Century   Shingles. 

Thatched  type,  smooth  surfaced.  One  thickness.  Attached  by  nailing. 
Limited  to  decks  capable  of  receiving  and  retaining  nails  and  to  inclines 
exceeding  4   inches   fall   to   foot  horizontal. 

Ambler,    Pa.,    Keasbey   &    Mattison    Co. 

J-M  Transite  Asbestos  Shingle  Roof  Coverings.  One  thickness.  Laid 
French  method.     Composed  of  J-M  Transite  Asbestos   Shingles. 

Thatched  type,  smooth  surfaced.  Flashings  and  trimmings  i6-oz.  copper. 
No.  26  gauge  galvanized  iron  or  heavier,  and  J-M  Transite  Asbestos  Ridge 
Rolls.  Attached  by  nailing.  Limited  to  decks  capable  of  receiving  and 
retaining  nails  and  to  inclines  exceeding  4  inches  fall  to  the  foot  horizontal. 

New  York,  Johns-Manville  Co.,   H.   W.,   Madison  Ave.   and  41st   St. 

Class   E.— 

Nu-tile  Asphalt  Shingle  Roof  Coverings.  Extra  heavy  pattern.  Com- 
posed  of   Nu-tile   Asphalt    Shingles. 

Thatched  type,  grit  surfaced.  Three  thicknesses.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving 
and  retaining  nails  and  to  inclines  exceeding  4  inches  to  foot  horizontal. 

Chicago,   UK,   Amalgamated   Roofing   Co.,   431    S.   Dearborn   St. 

Reynolds  Flexible  Asphalt  Slate  Shingle  Roof  Coverings.  Composed  of 
Reynolds    Flexible    Asphalt    Slate    Shingles. 

Thatched  type,  grit  surfaced.  Three  thicknesses.  Flashings  and  trim- 
mings of  same  material,  i6-oz.  copper.  No.  26  gauge  galvanized  iron  or 
i.  C.  Terne  Plate,  20-lb.  coating  or  heavier.  Assembled  at  buildings,  laid 
directly  over  and  attached  by  nailing  to  roof  decks  capable  of  receiving  and 
retaining  nails,   where  inclines  exceed  4   inches  to   the   foot  horizontal. 

Grand   Rapids,  Mich.,   Reynolds  Asphalt  Shingle  Co.,  H.   M. 

Class  F.— 

Nu-tile  Asphalt  Shingle  Roof  Coverings.  Heavy  pattern.  Composed  of 
Nu-tile  Asphalt  Shingles. 

Thatched  type,  grit  surfaced.  Three  thicknesses.  Attached  by  nailing. 
Limited  to  combustible  and  non-combustible  roof  decks  capable  of  receiving  and 
retaining  nails  and  to.  inclines  exceeding  4  inches  to  foot  horizontal. 

Chicago,   111.,   Amalgamated   Roofing  Co.,  431    S.   Dearborn   St. 

Arc-Strip  Shingle  Roof  Coverings.  Heavy  pattern.  Composed  of  Arc 
Shingle   Strips. 

Thatched  type,  grit  surfaced.  One  thickness.  Attached  by  nailing.  Lim- 
ited to  combustible  and  non-combustible  roof  decks  capable  of  receiving  and 
retaining   nails  and   to   inclines   exceeding  4   inches  to   foot 

Chicago,  111.,  Amalgamated  Roofing  Co.»  431   S.  Dcarb^^(§^Q[^ 


PROTECTION  OF  WALL  OPENINGS* 

REGULATIONS  FOR  THE  PROTECTION  (CLASS  A)  OF 

OPENINGS  IN  DIVISION  WALLS  BETWEEN 

SEPARATE  BUILDINGS  OR  SECTIONS 

OF  BUILDINGS 

The  great  importance  of  fire  walls  as  a  saf|3guard  to  life  and  in  prevent- 
ing the  spread  of  fire,  and  the  fact  that  they  are  liable  to  be  severely  exposed 
to  fire  for  considerable  periods,  makes  it  essential  that  all  openings  in  such 
walls  be  protected  by  the  most  efficient  methods.  Only  such  fire  retardants 
are  included  in  this  class  as  have  been  shown  by  experience  and  tests  to 
furnish  a  high  degree  of  fire  protection  when  installed  on  both  sides  of 
the  wall,  and  if  used  as  exit  doors,  to  offer  no  serious  accident  hazard  under 
normal   or.  emergency  conditions  in   this   situation. 

General  Regulations 

I  and  2.  Number  Size  of  Wall  Openings. — The  number  and  size  of 
openings  In  fire  walls  should  be  proportionate  to  the  number  of  occupants 
who  may  have  to  use  the  openings  as  a  means  of  exit  at  time  of  fire.  It  is 
important  that  openings  in  fire  walls  be  as  small  as  the  circumstances  will 
permit;  they  should  not  exceed  80  square  feet,  except  in  some  cases  for  the 
ground  floor,  where  wagons,  etc.,  must  be  passed  through.  Generally  speak- 
ing, the  openings  should  be  as  remote  from  each  other  as  possible.  From 
the  fire  protection  viewpoint,  the  number  of  openings  should  be  as  few  as 
possible,  as  there  is  always  the  chance  that  fire  doors  will  be  open  at  time 
of  fire,  either  through  neglect  to  close  them,  failure  qf  the  automatic  closing 
devices,  or  inability  to  close  doors  that  have  been  opened  to  affprd  better 
opportunity  for  fighting  fire.  For  these  reasons  openings  found  to  be  un- 
necessary should  be  closed  with  masonry  well  bonded  in. 

3.  Number  of  Doors. — Each  side  of  the  wall  at  every  opening  in  an  interior 
fire  wall  to  be  provided  with  an  approved  self-closing  or  automatic  fire  door, 
except  openings  in  enclosing  walls  to  fireproof  rooms  separating  specially 
hazardous  processes  from  the  remainder  of  the  building  may  be  provided 
with  doors  on  one  side  of  the  wall. 

Note. — Self-closing  doors  aVe  normally  closed  doors,  which,  whei^  opened, 
will  close  and  latch  or  lock.  Automatic  doors  are  doors  arranged:  to  close 
when   released   by'  the   action   of  heat. 

4.  Masonry  at  Wall  Openings. — (a)  Walls  to  be  plumb  and  true,  and 
present  smooth  masonry  surfaces  without  any  wood  or  combustible  trim  at 
openings. 

(b)  Where  swinging  tin-clad  fire  doors  shut  into  a  brick  rabbet  in  wall, 
rabbet  to  be  at  least  3x4  inches,  and  to  have  true  sides  and  angles  so  that 
door  will  close  snugly. 

*  Regulations  of  the  National  Board  of  Fire  Underwriters,  issued  in  191 5. 
Illustrations  are  reproduced  from  original  cuts  by  permission  of  the  National 
Board. 
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5.  Sills. — On  account  of  the  number  of  methods  specified,  inspection  de- 
partments having  jurisdiction  should  be  consulted  before  the  installation  of 
sills. 

(a)  Concrete  for  sills  to  be  made  of  one  part  Portland  cement,  two  parts 
clean  sharp  sand,  and  four  parts  clean  broken  stone  which  will  pass  through 
%-inch  mesh.  To  be  thoroughly  mixed,  well  tamped  and  finished  smooth  and 
flush  with  the  upper  surface  of  the  sill.     Concrete  to  be  a  wet  mixture. 


Rq^  1  Angle  Iron  and  Concrete  3tU. 


Rq.2  Anqlelron  drvd    Concrete  S'lU, 
with  Plate  oriTop. 


Reproduced  by  pa-mission  Nat'l  Bd.  of  Fire  Uud's. 

(b)  To  be  of  concrete  not  less  than  4  inches  in  thickness,  and  placed 
between  a  3^  x  5  x  %-inch  steel  angle  on  each  side  of  the  wall.  Angles 
to  extend  at  least  6  inches  past  the  opening  on  each  side.  Long  side  of 
angles  to  rest  against  the  face  of  the  wall,  and  short  side  to  extend  out 
under   the    bottom    of   the   door.      Upper    face   of   anf^^d  S^C^O^^t^^   ^^^ 
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a  tread  having  an  anti-slip  surface  flush  with  the  floor  and  sill.  Angles 
to  be  fastened  together  through  the  wall .  by  %-inoh  bolts  placed  close  to 
each  side  of-  the  wall  opening,  and  not  to  exceed  18  inches  apart  at  any 
point.     Bolts  to  have  nuts  at  each  end.     See  Figure  i. 

Note. — Where  sliding  fire  doors  are  used,  the  upper  face  of  the  angle  should 
be  notched  out  at  one  end  on  each  side  of  the  wall,  or  angles  drilled,  and 
%-inch    bolts    installed    sa  as    to    permit    the    proper    installation    of    the    stay 


Fi£.3  Anglelronond  Concrete  SlU. 
^SuptDoried  byaCorbel  of  TwoCcMraesof  B-rtok. 


Rft4.  Anftle  Iron  and  Concrete  Si 
^  S  uHxrHfedtyaCorbel  of  ThreeCourjes  cjf  Brick 


Reproduced  by  permission  Natl  Bd.  of  Fire  Und's. 


roll   for  holding  the  door  in  position.     In  new  buildings  this  should  be   done 
before   the  angles  are  installed. 

Where  the  wall  is  rabbeted  for  a.  swinging  fire  door,  a  steel  plate  not 
less  than  %-inch  thick  and  5  inches  wide  may  be  used  in  place  of  the 
steel  angle  on  that  side  of  the  wall,  or  the  steel  angle  may  he  .installed  so 
that    the   short   side   extends    into   the   wall.  Digitized  by  vjOOQIC 
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(c)  To  be  constructed  as  specified  in  Rale  b  and  covered  with  a  tread 
having  an  anti^slip  surface  extending  out  flash  with  the  outer  ^ges  of  the 
angles  on  each  side  of  the  wall  'and  held  securely  ih  position '  by  %-inch 
counter  sunk  machine  screws  spaced  not  to  exceed  9  inches  apart.  See. 
Figure   2. 

(d)  To  be  of  concrete  not  less  than  3Vi8  inches,  in  thickness  and  placed 
between   a    3^x6x%    inch   steel   angle   on   each   stde   of   the  '  walk      Angles 


fTg.  5.  Z  Bar  and  Concrete  Sill 


l-i(^6  Sterel  Plate  S\ll. 


RQproduoed  by  permiasion  Nat'l  Bd.  of  Fire  Und's. 

to  extend  at  least  6  inches  past  the  opening  on  each  side..  The  short  side 
of  the  angle  to  be  parallel  with  and  set  out  4  inches  from  the  face  of  the 
wall.  The  long  side  of  thi^  angle  to  extend  into  the  wall.  Angles  to  be 
fastened  together   through   the  wall  as  specified  in   Rule   sb. 

In   new    walls,    two   courses   of   brick   work   to   ^)iJff^^!^^^D^   sapport 
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the   angles,   the   upper  course   to  be    1%    inches  back   from   the   perpendicular 
face   of  the   angle.      Sec   Figure    3. 

Where  a  large  amount  of  heavy  trucking  is  done,,  the  concrete  should 
be  at  least  6  inches  in  thickness,  the  steel  increased  proportionately,  and 
thre^  courses  of  the  brick  corbeled  out  to  the  outer  edges  of  the  sill.  See 
Figure    4. 


Fifl.7.  Rai&ed  Ar^te  Iron  and  Concrttfe 
5ill  with   Incbnefi. 


_Rg8L  Z  BarandConcTiere  5ilT  wiTh  Inclines. 

Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 


In  old  walls  Z-bars  made  of  two  4-inch  angles  %  inch  thick  bolted  together 
or  equivalent  solid  Z-bars  may  be  used  in  place  of  the  steel  angles  and 
corbeling.  The  concrete  to  be  not  less  than  7  inches  in  thickness,  and  the 
Z-bars  fastened  together  by  %-inch  wall  bolts  through  both  , perpendicular 
faces.     See  Figure  5.  Digitized  by  VjOOQ IC 
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Note. — 'When  sliding  fire  doors  are  used  the  angles  or  Z-bars  should  be 
drilled  and  %-inch'  bolts  installed  so  as  to  permit  the  proper  installation  of 
standard  stay  roll  for  holding  the  door  in  position.  In  new  buildings  this 
should  be  done  before  the  steel  work  is  placed  in  the  sill. 

Where  the  wall  is  rabbeted  for  a  swinging  fire  door,  a  steel  plate  not  less 
than  %  inch  thick  and  8  inches  wide  may  be  used  in  place  of  the  angles 
or  Z-bars. 

(e)  To  consist  of  an  iron  or  steel  plate, having  an  anti-slip  surface  securely 
attached  to  concrete  support  not  less  than   6  inches  thick.     Concrete  support 


R2.9 

Steel   Lmrel 


Steiel  Lintel 


Fig.  11 

Cast  Iron  Lirtfel 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 

to  be  built  into  wall  at  least  6  inches  on  each  side  of  the  opening  and  extend 
under  and  flush  with  the  outer  surface  of  the  door.  Three  courses  of  the 
brick  work  under'  sill  to  be  corbeled  out  flush  with  the  outer  surface  on 
each  side  of  the  wall.     See  Figure  6.  Digitized  by  VjOOQ IC 
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NoTB. — Where  slidine  fire  doors  are  lased,  the  plate  should  be  notched  out 
at  one  end  and  on  each  side  of  the  wall  so  as  to  permit  the  pjfoper  installa- 
tion of  the  stay  roll  for  holding  the  door  in  position.  In  new  buildings 
this  should  be   done  bef ote  the  tread  is  in^tallea. 

(f)  To  be  constructed  in  accordance  With  any  of  the  above  methods  raised 
i^^  to  2  inches  above  the  surface  of  the  floor  and  provided  with  inclines  on 
each  side,  and  at  each  end  having  a  pitch  not  more  than  i  inch  vertical  to 
6  inches  horizontal. 

Note. — Raised  sills  are  of  advantage  in  preventing  water  from  running 
through  the  door  openings  at  time  of  fire,  but  offer  an  appreciable  accident 
hazard  and  should,  therefore,  be  avoided  at  openings  used  as  exits. 

(g)  To  consist  of  an  iron  or  steel  plate  having  an  anti-slip  surface  raised 
2  inches  above  the  surface  of  the  floor  and  extended  out  flush  With  the 
face  of  the  wall  on  each  side.  Plate  to  be  attached  to  a  3X4JC%  inch  steel 
angle  on  each  side  of  th^  wall  by  %-inch  machine  screws  spaced  not  exceeding 
9  inches. '  Ends  of  angles  to  be  securely  attached  to  steel  wall  frame.  Angles 
to  be  fastened  together  through  the  wall  by  ^-inch  bolts  spaced  not  exceeding 
i8  inches.  Space  between  wall  and  sill  plate. to  be  filled  solid  with  concrete 
or  cement  grout.     See   Figures   14,  28,  29  and   30. 

Note.— This  sill  is  designed  for  solid  steel  fire  doors  where  a  raised  sill 
is  required.  The  channel  for  sliding  doors  is  bolted  or  riveted  to  the  sill 
angles  on  each  side  of  the  wall. 

6.  Lintels. — A  brick  arch  is  preferable,  but  lintels  made  of  steel,  cast  iron 
or  reinforced  concrete  may  be  used  if  constructed  as  specified  in  the  following 
rules.     Stone  or  tin-clad  wooden  lintels  are  prohibited. 

(a)  To  be  of  standard  steel  sections  securely  riveted  or  bolted  together, 
protected  by  at  least  4  inches  of  solid  brickwork  flush  with  the  face  of  the 
wall  on  each  side  and  provided  with  a  full  header  course  of  brick  just  above 
the  steel  work.  Spaces  between  sections  to  be  ^filled  solid  with  brickwork, 
concrete  or  grout.     See  Figures  9  and  10. 

(b)  To!  be  of  cast-iron  tee  sections  not  less  than  i  inch  in  thickness,  pro- 
tected by. not  less  than  4  inched  of  solid  brickwork  flush  with  the  fdce  of  the 
wall    on   each   side.      See    Figure    11. 

(c)  To  be  of  solid  reinforced  concrete  the  full  thickness  of  the  wall. 
Reinforcihg  members  to  be  protected  by  at  least  1%  inches  of  cohcrete  on 
exposed   laces. 

7.  Wall  Frames. — Steel  wall  frames  are  of  particular  value  where  swinging 
tin-clad  dpors  are  mounted  flush  with  the  face  of  the  wall,  and  for  mounting 
steel  fire  ;  doors.  •  They  provide  for  a  tight-fitting  door,  serve  to  protect  the 
brickwork!  from  injury,  furnish  a  secure  fastening  for  the  hardware,  and  are 
neat  in  appearance.  Where  used  they  should  be  constructed  ^nd,  installed  in 
accordancb  with  the  following   rules: — 

(a)  Frames  for  tin  clad  doors  to  be  made  of  3%  x  aVi  x  14  inch  steel  angles 
at  the  sides  and  top  of  the  opening  on  each  side  of  the  wall.  Angles  to  be 
riveted  together  at  upper  corners,  tp  extend  into  the  sill ;  at  least  2  inches, 
to  be  bolted  in  position  by  %:inch  bolts  spaced  not  exceeding  24  inches,  and 
provided  with  %  x'%  inch  stops  attached  by  %-inch  rivets  spaced  not  exceed- 
ing 12  inches.  Catdhes  for  the  latches  and  the  pin  blocks  to  receive  the 
hinges  to  be  of  heavy  steel  and  properly  riveted  to  the  frame  by  at  least 
two  %-inch  rivets.     See  Figure  12. 

(b)  Frames  for  tin-elad  doors  to  he  made  of  3^  S^M  inch  steel  aagles 
set  into  rabbets  in  the  brickwork  at. sides  and  top  on  each  side  of  the  wall; 
Angles  to  be  riveted  together  at  upper  corners,  to  extend  into  the  sill  at 
least  2  inches  and  to  be  fastened  in  position  by  i^  x  %  inch  bars  spaced 
not  exceeding   24   inches   apart   all   around.      Bars,  to  [j/>q^tizeffy^!$t)^^4^^^^ 
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by  two  %-inch  oountersunk  rivets  or  bolts  at  each  end.  Catches  for  the 
latehes  and  hinge  pins  or  pin  blocks  to  be  of  heavy  steel  properly  riveted 
to  the   frame  by  at  least  two   %,-inch   rivets.     See  Figure   13. 

Note. — Where  the  frames  are  mounted  during  the  construction  of  the 
wall  the  connecting  bars  should  be  attached  to  the  legs  of  the  angles  to 
which  the  catches  and  pin  blocks  are  attached. 


^sttail- 


Piq.12  Iron  Door  Frame -for ' 
Tin  Clod  Rre  Door*. 
Useful  when  door  oponinqs  ore  madrn 
alter  woU  hcis  been  erected* 
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(c)  Frame  for  solid  steel  doors  to  be  made  of  4  x  3  x  %  inch  steel  angles 
at  the  sides  and  top  of  the  opening  on  dach  side  of  the  wall.  Angles  to 
be  riveted  together  at  upper  corners,  to  extend  into  the  sill  at  least  2  inches, 
and-  to  be  fastened  in  position  by  iV4  x  %  i^ch  bars  spaced  not  exceeding  24 
inches  apart  all  around.  Bars  to  be  fastened  to  angles  by  two  %-inch  counter* 
sutik  rivets  or  bolts  at  each  end.     Catches  for  the  Iat|^j^|^^l^^i(g9,pins  or  hinge 
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blocks,   and  binders  .  for   sliding  doors   to .  be   of   heavy   steel   properly    riveted 
to   the   frame  by  at  least  two   %-ihch  rivets.     See   Figure   14. 

Note. — The  thickness  of  the  wall  should  be  accurately  measured  so  that 
the  bars  fastening  the  wall  f ramd  together  can  be  cut  to  exact  length. 
Where  sliding  doors  having  channels  at  the  ,bottom,  or  swinging  doors 
havinjgf  raised  sills  are  used,  the  wall  frame  should  be  securely  attach.ed  to 
the  sill  angles  a'^  specified  in  Rule  sg.  Channels  for  sliding  doors  to  be 
riveted  or  bolted  to  the  sill  angles. 


R a  13  Rabbeted  Anc^le  Iron  Iboor  Frdme^^ 
for  Hn  Clod  Fine  Doors.  '^ 
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,.  (d)  Wall  frame  used  ^  to  protect,  the  brickwork  from  injury  tot  be  made 
of  4  X  4  X  %  or  4  X  4  X  i-b  inch,  steel  angles  at  sides  and  top  of  the  opening 
on  each  side  of  the  wall.  ..Frames  to  be  held  in  position  as  described  in 
Rule  7c  or  provided  with  plate  fillers  on  the  face  of  the  jambs  securely 
riveted  to  the  angles  on  each  side  of   the  wall.  Digitizfed  byCljOOQlC 
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Note. — Angles  extending  only  part  way  up  on  the  sides  of  the  wall  opening 
prevent  the  fire  doors  from  forming  a  tight  closure  at  the  upper  portion  of 
the   wall   opening   and  are   prohibited. 

8.  Measurements  for  Sizb  of  Fire  Doors. — Openings  in  walls. to  be  care- 
fully measured  before  the  doors  are  built.  Where  wall  frames  are  not  used, 
the  measurements  to  be  from  the  edges  of  the  brickwork,  irrespective  of  any 
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steel    work   in   the   operritig.     Where   wdll    frames   a^e   employed,   the   sice   of 
the  door  is  determined  by  the  size  of  the  of^ening  in  the  frame. 

9.  Sliding  Firb  Doors. — Doors  of  this  type  to  be  employed  unless  features 
relating  to  exit  facilities,  service  requirements,  location  or  installation  make 
other  types  preferable.  Digitized  by  CjOQQIC 
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Note. — Sliding  fire  doors  can  be  mounted  close  ^o  the  wall,  require  only 
a, small  amount  of  floor  space,  are  less  likely  than  many  other  types  to  be 
rendered  inoperative  by  obstructions.  They  can  be  counterbalanced  so  as 
to  be  operated  without  great  difficulty  and  can  be  made  to  close  automatically 
without  the  use  of  complicated  apparatus.  They  are  particularly  suitable 
for  large  opening,  but  the  method  of  operating  them  is  not  as  obvious  as 
that  of  swinging  doors,  and  they  are  more  subject  to  injury  from  falling 
materials  at '  times  of  fire  than  doors  that  close  flush  with  the 'face  of  the 
wall.  They  can  be  used  only  where  there  is  sufficient  wall  space  at  the 
side    of   the   wall   Oftening. 

10.  Swinging  Fire  Doors. — Doors  of  this  type  may  be  employed  where  the 
character  and  size  of  the  opening  make  the  use  of  this  type  of  door  advisable. 
Where  egress  is  iti  one  direction  only  the  doors  should  open  in  the  direction 
of  travel. 

Note. — ^Wherei '  egress  is  in  one  direction  only^  swinging  doors  are  easier , 
to  operate  than  any  other  type  of  door,  especially  under  emergency  con- 
ditions. Swinging  fire  doors  require  considerable  clear  )loor  space,  arc 
more  liable  to  be  rendere4  inoperative  by  obstructious  than  slidii^  fire 
doors,  and  are,  difficult  to  make  autpmatic  without  the  use  of  complicated 
apparatus.  Swinging  doors  in  pairs  do  not  furnish  as  satisfactory  prottction 
against  iire   as   single    doors. 

11.  Vertical  Doors. — ^Dbors  of  this  type  may  be  employed  where  hori- 
zontally sliding  or  swinging  doors  cannot  be  used,  and  where  the  doors  do 
not  serve  as  exit  doors  at-  time  of  fire. 

Note. — Vertical  door?  require  considerable  head  room  above  the  door 
opening  and  must  be  coiinterweighted  to  render  them  operative.  They  can 
be  made  automatic  without  thef  use  of  complicated  apparatus.  They  are 
difficult  to  operate,^  especially  after  they,  have  closed  automatically,  and 
their  use  in  any  given  case  should  be  considered  in  its  relation  to  effect 
upon    hazard    to    life. 

12.  Rolling  Steel  Fire  Doors. — Doors  of  this  type  may  be  employed  where 
the  transmission  of  heat  through  the  door's  is  not  liable  to  result  in  the 
spread  of  fire,  and  where  the  doors  do  not  serve  as  exit  doors  at  time  of  fire. 

Note. — Rolling  doors  are  capable  of  being  installed  in  locations  wheiT 
space  limitations  prevent  the  installation  of  other  types  of  doors.  They  can 
be  mounted  flush  with  the  face  of  the  wall  >so  that  no  floor  space  Is  required, 
and  are  le^s .  likely  tl^an  many  other  types  to  be  rendered  inoperative  by 
obstructions.  They  can  be  counterbalanced  so  as  to  operate  without  great 
difficulty,  but  the  method  of  operating  them  is  not  as  obvious  as  that  of  other 
types  of  doors,  and  some  types  of  rolling  doors  are  difficult  to  operate  after 
they  have  closed  automatically.  The  type  and  use  of  these  doors  in  any 
given   case    should    be   considered    in   its    relation    upon    hazard    to   life. 

13.  Normally  Closed  Door3--^To  ;  be  r  .aprs^nged  to  close  by  gravity,  or 
equipped  with  an  approved  door  check  or  device  to  insure  proper  closing 
after  the  door  has  been  opened. 

14.  Automatic  Doors. — To  be  operated  by  at  l^ast  one  approved  releasing 
device  above  the  door  and  close  to  the  ceiling.  Where  desired  the  door 
may  be  also  arranged  to  close  by  the  operation  1)f  an  additional  releasing 
device  near  the  top  of  the  door  opening. 

15.  Openings  for  Shafting!^— Where  a  shaft  passes  ^hrough  a  fire  wall,  the 
hanger  to  be  placed  on  one  side  of  the  wall,  and  the  opening  around  the 
shaft  bricked  up  as  closely  as  possible  without  touching  the  shaft.  The 
remaining  space  around  the  shaft  to  be  finished  with  cement  mortar,  leaving 
a  hole  one  inch  larger  in  diameter  than  the  shaft  and  concentric  with  the 
shaft. 

Note. — In  some  cases  it  may  be  necessary  to  place  a  hanger  on  each  side 
of  the  wall.  The  s^ace  atxjund  the  shaft  permits  adjustment  and  insures 
clearance  between   shaft   And   walb 

16.  QPEt^ZNGS  70R  Beltq. — To  be  protected  by  two  approved  sliding  doors 
coming  togetheF  Ift  the- middle  of  the  opening  thFotigh'jtbejH|irldbO(D^t£  to 
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slide   in   approved    upper   and   lower    guard    rails   or   channels    retaining    them 
in  place,  and  be  provided-  with  suitable  fastenings  for  holding  them   together 
in   the   closed   position.      Guard   rails   to   be   long  enough   to   retain   the   doors 
when  open,  and  secured  by  %-incfa  bolts  through  the  wall. 
See  Figure  34  showing  tin-clad  doors  used  for  this  purpose. 

Note. — Care  is  necessary  to  see  that  the  slots  are  of  SMfficient  size  to 
insure  free  and  unobstructed  belt  travel.  The .  dimensiops  of  the  slots  will 
vary  considerably  with  the  size  of  the  belt,  length  of  span,  tightness  of 
belt,    presence   or   absence    of   guide    rolls   and   other   local    conditions. 

17.  Care  and  Maintenance. — (a)  Fire  doors  should  be  ready  for  instant 
use  at  all  times,  therefore  it  is  necessary  to  keep  the  surroundings  clear  of 
everything  that  would  be  likely  to  obstruct  or  interfere  with  their  free 
operation.  They  should  be  kept  closed  and  fastened  nights,  Sundays  and 
holidays,  and  wlienever  the  openings  are  not  in  use. 

•  (b)  Never  tack  any  tiri  on  a  tin-clad  door.  When  tin  becomes  worn 
substitute  new  sheets  in  the  same  manner  as  when  covering  a  new  door. 
Damaged  parts  of  other  types  of  fire  doors  should  be  replaced  by  new  parts. 

(c)  The  following  notice  should  be  posted  at  each  opening  protected  by 
fire  doors,  preferably  stenciled  on  each  side  of  the  fire  door  itaelf,  "  Keep 
This   Fire   Door   Shut." 

(d)  Doors  of  the  sliding  pattern  should  be  stenciled  on  both  sides  with 
the  words  "  To  Open,"  and  an  arrow  indicating  the  direction.  Swinging 
doors  should  be  stenciled,  "Turn  Knob  and  Push"  (or  pull),  or  "Press 
Down   Lever  and   Push  *'    (or  pull),   as  the  case  may  be. 

18.  Painting  Fire  Doors. — (a)  Solid  steel  doors  and  rolling  steel  doors 
to  be  given  one  good  coat  of  paint  before  they  leave  the  shop  and  one  coat 
after  installation.  Rolling  steel  doors  not  to  be  qpened  (coiled  up)  until  the 
paint  has  dried  sufficiently  to  prevent  adhesion  between  the  parts.  Paint 
to   be   satisfactory   to   inspection   departments  having  jurisdiction. 

Note. — Where  possible,  both  coats  of  paint  should  be  applied  to  steel 
rolling  doors  before   they   are  erected. 

(b)  When  subject  to  rapid  deterioration  as  a  result  of  corrosion;  tin-clad 
and  sheet'  metal  doors  to  be  given  at  least  two  good  coats  of  paint  which 
is   satisfactory   to   inspection   departments   having  jurisdiction. 

Note. — Doors  of  this  type  do  not  require  painting-  where  they  are  used 
in  clean,  dry   localities. 

Tin-Clad  Fire  Doors 

General 

Standard  tin-clad  fire  doors  are  fairly  substantial  in  construction,  prac- 
tical under  most  conditions,  and  easy  to  install.  Doors  on  both  sides  of  the 
wall  furnish  a  high  degree  of  resistance  to  fire  and  to  the  transmission  of 
heat  for  long  period  of  exposure,  and  resist  fire  streams  well.  Under  adverse 
conditions  of  service  they  are  liable  to  deteriorate  rapidly  and  are  difficult 
to  maintain. 

19.  Vent  Hole. — ^^Cut  a  hole  4  inches  in  diameter  tl^rough  the  middle  plate 
on  the  exposed  side  of  the  door,  hut  not  through  the  wood ,  core.  Secure  the 
tin  around  this  opening  with  small  nails,  and  thoroughly  paint, t^e  wood  thus 
exposed.     See   Figure    19. 

Note. — The  hole  will  prevent  excessive  bulging  of  the  tin  covering  and 
rupture  of  the  joints  between  the  plates  by  permitting  the  escape  of  gaaes 
generated  from  the  wood  core  when  the  door  is  exnosea  to  fire.  Care  should 
be  taken  to  ascertain  which  is  the  «xposed  side  or  the  door  before  the  hole 
is  made.      Usually  the  holie   should  be  made  after .^U^i^^ootf  is  moiuited. 
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20.  Mounting  Tin-Clad  Doors.— The  doors  should  be  completely  tinned 
before  the  hardware  is  attached,  and  only,  such  hardware  as  has  been  found 
satisfactory  after  examination  1  and  test,  should  be  used.  (See  list  of  approved 
hardware.) 

Read  all  of  the  rules  for  mounting  before  starting. 


Ficj.  15. Door  Closed  |Prop<?rlY  Huncj. 
One  tra<;K  bolt  under  'each  honqer 
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Sliding  Tin-Clad  Doors 

21.  Size  aicd  Shape  op  Dooks. — Doo^s  to  overlap  sides  and  top  of  wall 
opening  4  inches.  Where  steel  lintels  are  used  door6  to  overlap  the  brick- 
work 4  inches  above  upper  edge  of  steel  unless  such  lintels  are  fireproofed 
in  a  manner  satisfactory  to  the  inspection  department  having  jurisdiction. 
Top  of  door  to  conform  to  incline  of  track,   %   inch  to^if^g^^^QOQlC 
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22.  Mounting  Sliding  Doors.— (a)  Mounting  Track. — Length  of  track  to 
be   equal   to   twice   the  width   of   the   wall  opening  plus   21    inches. 

Wall  bolts  to  be  so  spaced  that  one  bolt  will  be  located  directly  opposite 
each  hanger  when  the  door  is  closed,  and  so  that  front  and  back  bumpers 
can  be  attached.     Holes  to  be  13/16  inch  in  diameter. 

Note. — Doors  for  openings  in  excess  of  6  feet  in  width  require  three 
hangers. 

Track  to  have  an  incline  of  %  inch  to  one  foot  when  mounted. 

Place  door  in  proper  position  over  opening  with  %  inch  of  blocking  between 
sill  and  bottom,  and  %-inch  strip  on  upper  edge  of  door.  Place  track  in 
exact  position  over  door,  and  carefully  mark  circles  on  wall  at  holes  for 
track  bolts.  Mark  long  crosses  through  circles  after  track  has  been  removed 
so  that  centers  qi^  holes  can  be  maintaioed,  and  carefully  drill  holes  throagh 
wall.  Bolt  track  in  the  position  first  marked,  placing  a  wall  bracket  at  each 
bolt.  The  front  and  back  bumpers  should  also  be  installed  when  the  track 
^  is  bolted  in  position. 

Never  attach  track  to  wood  frame,  even  if  frame  is  tin-clad,  and  never 
use  wood  or  lead  plugs  in  the  wall  to  support  wall  bolts. 

(b)  Attaching  Hangers. — Doors  for  openings  six  feet  and  less  in  width 
to  be  provided  with  two  hangers.  Doors  for  openings  in  excess  v  of  six  feet 
to   have   three   hangers. 

Place  hangers  on  track  directly  opposite  wall  bolts,  and  carefully  mark 
location  of  bolt  holes  on  door.  Bore  holes  exactly  wh^re  marked,  and  bolt 
hangers  to  door,  using  ^-inch  special  countersunk  carriage  bolts,  and  placing 
heads   of   bolts   on   the   back   of   the   door. 

Remove  blocking  from  under  door  and  from  between  -door  and  track. 

(c)  Attaching  Binders.— Two  binders  are  required,  the  upper  binder  to 
be  placed  about  24  inches  from  the  top  of  the  door,  and  the  lower  binder 
about   18  inches  above  the  sill. 

When  the  door  is  in  contact  with  the  front  bumper  place  the  binders  in 
contact  with  the  edge  of .  the  door  so  that  it  will  strike  both  binders  and 
bumper  in  closing,  and  mark  and  drill  the  wall  as  described  for  track  bolts. 
Bolts  for  fastening  the  binders  to  be  %  inch  in  di£|nleter,  and  extended 
through  the  wall.     See   Figure   15. 

Note. — Care  should  be  taken  not  to  make  the  bolt  holes  unnecessarily  large. 
In  some  cases  it  may  be  advisable  to  set  the  binders  in  cement  when  they 
are  bolted  to  the  wall.  A  mixture  of  one-ha}f  clean,  sharp  sand  and  one- 
half    Portland   cement   is   recommended    for   this   purpose. 

(d)  Attaching  Stay  Roll. — Chip  out  brickwork  carefully,  so  that  the  stay 
roll  will  be  flush  with  the  surface  of  wall  and  sill,  and  carefully  mark  and 
drill  wall  for  through  bolt  and  eye  bolt  at  the  side  of  the  door  opening.  Set 
the  pafts  with  cement,  if  necessary,  and  bolt  firmly  to  wall.  When  the  door 
is  closed  adjust  the  roller  against  the  wedge  at  the  end  of  the  chafing  strip 
so  that  the  door  will  be  .held  close  to,  but  not  tightly,  against  the  wall. 
See    Figure    16.  ^ 

Note. — The  brickwork  should  be  chipped  out,  and  the  stay  roU  fitted  to 
the  wall  before  the  door  Is  in  position.  It  can  then  be  more  easily  installed 
after  the  door  is  hung.  Where  stay  rolls  are  bolted  together  through  the 
wall  see  last  part  of  Rule  a.  The  stay  rolls  shown  in  Figures  i,  2,  3,  4,  5, 
7,  8  and  17  are  bolted  to  the  steel  work  of  the  sill,  and  are  recommended 
for   new   work. 

(e)  Attaching  Chafing  Strips.*t>Three  chafing  strips  required^  Two  half 
oval  strips  on  the  back  of  the  door,  with  flat  companion  strips  on, the  front 
of  the  door,  and  one  flat  strip  on  the  front  of  the  door  near  the  bottom. 

Strips  on  the  back  of  the  door  to  be  placed  one  third  the  distance  from 
the  top  and  about  24  inches  from  the  bottom.     Length  of  the  strips  to  be  4 
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inches  less  than  the  door  opening.  Strips  to  be  parallel  with  the  door  track 
and  holted  through  the  door  to  the  flat  strips  on  the  front  ,of  the  door  with 
^•inch  bolts  spaced,  not  exceeding  9  inches,  placing  the  end  bolt  one  inch 
from  the  ends  of  the  strips.     See  Figures  18,   19  and   15. 

Strip  on  the  front  of  the  door  to  be  parallel  with  the  door  track  and  so 
placed  as  to  take  the  wear  of  t|ie  st£[y  roller.  To  be  5  inches  less  than  the 
width  of  the  door  and  fastened  to  the  door  by  i^-inch  wood  screws,  spaced 
not   exceeding,  12   inches  apart.     See   Figures    19  and   15. 


Used  wiTh  Oldand  ConcTfiTiq 
and  Steel  Plate  5iila, 


Fig.  1 7-  Opening  Prolecfed  h^ 
Standard  Double SJidingDocrt^ 
M  0  u  nTed  wilh  STondorcJ  H  OTrfware , 
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(f)  Attaching  W^dge. — ^To  be  placed  back  of  the  stay  roll  when  the  door 
is  closed,  and  to  be  fastened  to  the  door  by  one  t  %-inch  and  one  2-inch  wood 
screw.      See   Figure    19. 

(g)  Attaching   Bumper   Shoes. — Four   tiecessary,   one  opposite  ,  ^^^|i£B(u«r 
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and    one   opposite   each   binder.      To   be    fastened   to   the  edges    of   the    door 
by  i^-inch  wood  screws.     See  Figures   i8  and  19. 

Note. — The    front    and    back    bumpers    are    mounted    with    the    track.      See 
Rule   22a. 

(h)  Attaching  Handles. — Flush  pull  on  the  back  of  the  door  to  be  counter- 
sunk  flush   with   the   surface   of  the   door.      Heavy,    bow-shaped   handle   to    be 
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attached  to   front  of  door.      Handles   to   be  bolted  together  through   the   door 
or  otherwise  securely  attached.     See   Figures   18,    19  and   15. 

<i)  Bolts  and  Washers. — Bolts  for  track,  binders  and  stay  roll  to  be  % 
inch  in  diameter,  to  extend  through  the  wall,  and  to  be  provided  with  washers 
4  inches  in  diameter  on  opposite  side  of  the  walL     See  Figiar^^l^and  17. 
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Note. — Where  the  above  members  are  bolted  together  through  the  wail 
the    washers-  are   unnecessary. 

Use  %-inch  bolts  in  attaching  stay  roll  shown  in  Figures  1,  2,  3,  4»  5,  7, 
8    and    17   to  the  steel   work   of  the   sill. 

Cj)  Operation  of  Door. — The  ^oor  should  hang  and  operate  freely.  If 
the  wall  is  unusually  rough  and  uneven  it  may  be  necessary  to  dress  it  off» 
so  as  to  remove  all  obstructions  and  prevent  the  destruction  of  the  tin 
covering  by.  chafing.     The  introduction  of  thin  plates   (1/16  to  %  inch)   be- 


Reprodnoed  by  permission  Nat'l  Bd.  of  Fire  ITnd's. 

tween  the  wall  and  brackets  on  the  portion  of  the  track  at  the  side  of  the 
opentng  -will  sometimes  remedy  the  defects  due  to  slight  unevcnness  in 
the  wall. 

The  holes  for  the  track  bolts  should  be  drilled  with.  S|^^|ci(t^^^^{^  so 
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that  the  door  will  not  sag  and  chafe  on  the  silk  If  the  door  does  sag, 
substantial  metal  strips  should  be  installed  under  the  track  bolts  so  as  to 
raise  the  door  sufficiently  to  prevent  chafing.-  Short  length  of  %-inch  gas 
pipe  around  the  track  bolts  will  often  remedy  this  defect. 

(k)  Slatted  Framework. — When  necessary,  a  framewoA  of  slats  should 
be  built  outside  of  sliding  doors  to  prevent  piling  of  stock,  etc.,  against 
them. 


fwKhf^n. 


|J»ncsWt. 


Fig  20.  Wall  E;yeand  P\t\ 
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Fig.  21 .  Hipgps  with  Eje  OP  Rn, 


Reproduced  by  permiasion  Nat'l  Bd.  of  fire  Und's. 
(1)  Pro^ction  of  Covering. — When  the  front  edge  of  door  is^  liable  to 
injury  from  trucks,  etc.,  a  continuous  U-shaped  strip  made  of  No.  14  U.  S. 
gauge  steel,  and  extending  high  enough  to  prevent  injury,  should  be  installed. 
Strips  should  lap  the  sides  of  the  door  4  to  6  inches  and  should  be  fastened 
on  by  i^-inch  wood  screws  on  each  side  of  the  door,  spaced  not  exceeding 
12  inches  apart  and  staggered.  The  above  strip  will  render  the  lower  bumper 
shoe  unnecessary.  Digitized  by  GOOglC 
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Swinging  Tin-Clad  Doors 

23.  S1Z9  AND  Shape  of  Poors. — Doors  to  shut  into  rabbet  ia  wall,  into 
approved  ^all  frame,  or,  when  acceptable  to  inspection  departments  having 
iurisdtcti(»i,  doors  may  overlap  sides  and  top  of  wall  openings  as  required 
for   sliding  doors.     See  Rules  4,   7,  a,  b,  d,  8  and   10. 


riq.2?  Swinqinq   Door  in  Rabbeted   Frame 
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24.  Mounting  Single  Swinging  Doors. — (a)  Attachment  of  Wall  Eyes, 
Wall  Pins  and  Catches. — To  be  built  in  the  wall,  bolted  through  the  wall 
with  %-inch  bolts  with  3/1 6-inch  steel  washers  on  each  side  of  w^ll,  or,  to 
be  securely  fastened  to  approved  steel  wall   frames.     See   Figures   12,    13,   20, 

21,    22    and    23,  Digitized  by  Google 
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(b)  Attachment  of  Hinges. — Doors  in  excess  of  7  feet  in  height  or  6 
feet  in  width  to  be  provided  with   three   hinges.  , 

Place  door  in  proper  position  at  wall  Openings,  with  ^-inch  blocking 
between  bottom  of  dodr  and  sill  on  hinge  side  and  % -inch  blocking  on  lock 
side.  Place  hinges  in  exact  position  on  door  arid  carefully  mark  location  of 
bolt  holes  on  door.  Bore  holes  exactly  where  marked  and  bolt  hinges  to 
door  using  %-inch  carriage  bolts  or  machine  bolts  with  washers  under  heads 
on  the  back   of  the  door.     Nuts   to  bear  against  the  hinges. 


Reproduced  by  permission  jNat'l  Bd.  of  Fire  Und's. 

Remove   blocking   and   see   that  door   opens   and   closes   properly. 

(c)  Attaching  Latches. — Doors  in  excess  of^  5  feet  in  height,  to  be  pro- 
vided with  at  least  three  latches  working  together.  Upper  and  lower  latches 
to  be  spaced  not  to  exceed   12  inches  from  top  and  bottom  of  door  opening. 
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Latches  to  be  operated  from  either  side  of  door  and  so   as  not  to  interfere 
with   the   hinges.      See   Figures   22  and   23. 

Place  latches  in  exact  position  on  door  with  latches  in  catches,  and  with 
connecting  bar  adjusted  for  expansion  allowances.  Carefully  mark  location 
of  bolt  holes  for  operating  handle  and  pivot  plates.  Bore  holed  exactly 
where  marked  and  bolt  latches  to  door,  using  %-inch  machine  bolts  with 
bearing  plates  on  back  of  door.     Attach  operating  handle. 


Fic|.24  Vertical  Balance  Automatic  Door 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 

Note. — The  bar  connecting  the  latches  should  be  adjusted  so  that  it  will 
not   lift  the   latches   by  expansion   when   heated. 

Place  keepers  in  position  over  latches  making  allowance  for  the  move- 
ment of  the  latches.  Mark  location  of  bolt  holes  on  door,  bore  lioles  and 
bolt  keepers  to  door, .  using  %-inch  machine  bolts  with  bearing,  plates .  on 
back  of  door.     See  Figures  22  and  23.  Digitized  by  VjOOglC 
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Note. — Where  the  door  is  mounted  on  the  face  of  the  wall,  the  keepers 
should  be  placed  about  s  inches  back  from  the  edge  of  the  door,  so  that 
the  plates  and  bolt  heads  on  the  back  of  the  door  will  not  be  in  contact 
with    the    wall    when    the    door    is    closed. 

Attach  spring  to  prevent  rebound  of  latches  and  insure  latching  when 
door   is   slammed. 

Note. — The  destruction  of  the  spring  at  time  of  fire  does  not  effect  the 
reliability    of   the   hardware. 

(d)  Operation  of  Door.  The  door  should  swing  easily  and  freely  on  its 
hinges.  The  latches  should  operate  freely  on  their  pivots  and  ride  up  the 
inclines  on  the  catches  and  snap  into  position  when  the  door  is  slammed 
shut   or  closed  with  moderate    force. 

25.  Mounting  Swinging  Doors  in  Pairs. — The  rules  for  mounting  single 
doors   apply    to   doors   in   pairs   with    the   following   additions. 

(a)  Attaching  Door  Bolts. — The  standing  door  of  the  pair  to  be  pro- 
vided with  a  %-inch  steel  bolt  at  top  and  bottom.  Both  bolts .  to  enter  sub- 
stantial  strike  plates  or  catches  securely   fastened   into   arch  and   sill. 

Place  door  bolts  in  exact  position  on  the  back  of  the  door  and  carefully 
mark  location  of  bolt  holes.  Bore  holes  exactly  where  marked  and  bolt  door 
bolts  to  the  door,  using  %-inch  machine  bolts  with  bearing  plates  on  front 
of.  the  door.  Where  door  bolts  are  operated  together,  the  handle  to  be 
bolted    in    position   through   the    door. 

With  the  standing  door  in  the  closed  position,  carefully  mark  the  posi- 
tion where  the.  door  bolts  strike  the  head  and  sill  of  the  door  opening  and 
securely  ainchor  or  bolt  the  strike  plates  or  catches  in  exact  position. 

(b)  Attaching  Catches. — ^With  both  doors  clpsed,  place  the  catches  in 
exact  position  under  the  latches  and  mark  position  of  bolt  holes  on  door. 
Bore  holes  exactly  where  marked  and  bolt  catches  to  door,  using  %-inch 
machine   bolts   and   plates   on   back   of   door. 

(c)  Attaching  Astragal. — Place  astragal  in  exact  position  on  edge  of  door, 
mark  position  of  bolt  holes,  bore  holes  and  bolt  to  door,  using  %-inch 
machine   1>olts,   with    washers   under   heads   on   back   of   door. 

Vertical  Tin-Clad  Doors 

26.  Size  and  Shape  of  Doors. — Doo^s  to  overlap  sides  and  top  of  wall  open- 
ing 4  inches.  When  steel  lintels  are  used,  doors  to  overlap  brickwork  4 
inches  above  upper  edge  of  steel,  unless  such  lintels  are  fireproofcd  in  a 
manner  satisfactory  to  the  inspection  department  having  jurisdiction. 

27.  Mounting  Vertical  Doors. — (a)  Mounting  Guides, — Place  door  in 
proper  position  over  opening  with  side  -edges  plumb.  Place  guides  in  exact 
position  with  %-inch  strip  between  door  and  guide  on  each  side.  Carefully 
mark  circles  on  wall  at  holes  for  wall  bolts,  remove  guides  and  carefully 
drill  holes  through  wall.  Replace  guides  and  bolt  to  wall  with  %-inch  bolts, 
placing  4-inch  washers  on  the  back  of  the  wall.  Remove  spacing  strips. 
See    Figure    24. 

(b)  Attachments  to  Door. — Place  attachments  in  exact  position  on  door 
and  carefully  mark  location  of  bolt  holes.  Bore  holes  exactly  where  marked 
and  bolt  each  piece  to  door,  using  plates  or  washers  on  back  of  door.  See 
Figure   24. 

(c)  Pulleys  and  Counterweight.^-Attach  pulleys  for  counterweight  cable 
securely  in  position  above  door,  attach  the  wire  cable  and  permanent  counter- 
weight.     See   Figure  24. 

(d)  Automatic  Device. — Attach  pulleys  for  auxiliary  counterweight  securely 
in   position   above   door,   attach  cord    to  bottom   of  of|f^9^d  t^i(^4^|^ [(Auxiliary 
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counterweights,   placing   a    fusible   link    in    the   cord   »car   the    bottom   of   the 
door  and  also  near  the  ceiling  when  the   door  Is  open.      See   Figure   24. 

Solid  Steel  Fire  Doorsr 

General 

Standard  solid  steel  fire  doors  are  substantial  in  construction  and  prac- 
ticable under  most  conditions.  Doors  on  both  sides  of  wall  furnish  a  high 
degree   of   resistance  to  fire  and  a   fairly   high   resistance  to  the   transmission 


Reproduced  by  permission  Nat'l  B<i.  of  Fire  Und's. 

of  heat  for  long  periods  of  exposure  and   resist   fire  streams   well.     They   are 

durable  and  easy  to  inspect  and  maintain,  but  are  somewhat  difficult  to  install. 

z8.  Setting  Wall   Frames. — Solid   steel  fire  doors  to  be  mounted  on   steel 

wall  frames,  which  should  be  set  perfectly  level  and  plumibzattj^vhtiSU^^uQo 
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the  wall.  If  the  frame  is  installed  in  an  old  Mrall,  the  opening  should  be 
cut  larger  than  the  frame  and,  the  brickwork  built  up  to  the  frame  and 
well  bonded  to  the  wall,  using  cement  mortar  and  thoroughly  painting  up 
around  the  frame.     See   Rule  .7c  for  the  eonstruction  of  wall   frame. 


SuDiNq  SouD  Steel  Doors 

29.  Size  -of    Doors. — Doors    in    excess    of   4    feet    in    width    to    overlap    the 
sides   of   wall    frame   at   least    2   inches   and   at   least    i    inch    at   top.      Angle 


rr^ 


R^26  l3etdilShorrin^Htii^<nid1bpQndBc4romCho^ 
for  Sliding  Iron  Doors 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 

at  bottom  of  door  to  extend  at  least  i  inch  into  groove  at  sill.  The  angle 
at  bottom  of  door  and  groove  in  sill  may  be  omitted  for  doors  4  feet  and 
less   in    width.      See    Figure?   25,    26,    27    and    28.    Digitized  by  CjOOQ IC     • 
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30.  To?  AND  Bottom  Chann^s. — (a)  Doors  in  excess  of  4  feet  in  width 
to  operate  in  chs^nnelf  or  groovy  at  top  and. bottom.  The  gtoove  at  bottom 
may  be  pmitted  for  dQQrS'4  feet  and  less,  in  width.  Length  of  upper  channel 
to  be.  equal  to  .twtipe  the  width  of  the  opening  in  the  wall  frame,  plus  8 
ii:^^es.  Upper  channel  to  be  proyided  with  a  ^  x  %  inch  steel  strip  to  serve 
as   a   track   for  the   wheels  of   the   door   hangers.      Lower   channel  or   groove. 
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where  used,  to  extend  beyond  the  wall  frame  at-  least  12  inches  on  the  side 
toward  which  the  dpor  ;Qpens.     S^e  Figurges  25  and  26.;, 

(b)  Upper  and  lower  channels  to  be  attached  to  wall  frame  by  %-incJh 
rivetq.pr  bolts  spaced  not  exceeding  12  inches.  Upper  channels  to  "pe  attached 
to  wall  by   54rinch  bolts  spaced  not  exceeding   14  inches,  gitized  by  VjOOQ.IC 
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31.  Mounting  Sliding  Doors. — (a)  After  the  wall  frame  is  set,  pYace  the 
ujJpcr  and  lower  channels  in  position  and  bolt  them  to  the  frame.  Care- 
fully mark  circles  on  wall  at  holes  in  upper  cliannel  for  wall  bolti.  7  Remove 
upper  channel  and  mark  long  crosses  through  circles  so  that  centers  of 
holes  can  be  maintained,  and  carefully  drill  holes  through  Wall.  Place  the 
door  in  proper  position  over  opening  with  %-inch  bloeking  between  sill  and 
bottom    of   door.      Place   upper   channel   in   position    under   the  hanger    wheels 


rio28.Detcii\  sfio\si\tT^LQtc)n ,  Binder  and 
Incline  to  Sill  for  Sliding  Iron  Doora 
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and  bolt  it  to  the  wall  frame  and  through  the  wall,  plating  washers  between 
the  channel  artd  wall,  and  on '  the  opposite  side  of  the  wall  at  wall  bolts. 
Remove  blocking  from  under  door.  Door  should  slide  freely  and  should  be 
forced  close  to  the  wall  frame  by  the  binders  when  closed  anidOi^cfied. 
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(b)  When  necessary  a  frametwork  of  slats  should  be  built  outside  of 
sliding   doors   to  prevent   piling   of   stock,   etc.,   against   them. 

32.  Automatic  Sliding  Doors. — (a)  To  be  so  arranged  that  when  the 
releasing  device  is  operated  by  heat,  a  sufficient  excess  in  weight  will  be 
exerted   to   pull   and   latch   the    door   closed. 


Reproduced  by  pemtflsion  Nat'l  Bd.  of  Fire  Und'a. 


(b)  Substantial  phosphor  bronze  or  galvanized  steel  wixe  cable  or  approved 
chain  to  be  used  for  attaching  the  weights  to  the  door.  Cables  or  chains 
to  pass  over  sheaves  so  designed  that  they  cannot  jump  the  grooves. 

(c)  The  weights  used  to  close  the  door,  to  be  enclosed  in  a  suitable  box 
from   floor  to  top   of  weights  in  extreme   upward  position. 

(d)  Door  latch  to  be  provided  with  a  suitable  coiled  spring  to  hold  it  in 
proper  position  and  insure  fastening.  Digitized  by  CjOOQ IC 
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SWINGING  ScMuiD  Steel  Doors 

33.  SxzE  OF  Doors. — Door  plates  to  overlap  the  sides  and  top  of  the  wall 
frame  at  least  i  inch.  Where  doors  are  used  in  pairs,  swin^ging  door  to 
overlap  the  standing  door  at  least   i    inch  when  they  come  together. 

34.  Mounting  Single  Swinging  Doors. — After  the  wall  frame  is  set, 
place    the  -door-  tn   proper   position   over  the   opening   with   sufficient    blocking 


Rj^30  Doubl«  Swinging  Doors  inPafra. 
^hpwing  Spring,  Cotth. 
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between  the  bottom  of  the  door  and  sill  t(^.  dlevate  it  so  that  the  hinges  and 
latches  will  engage  properly.  |nstall  .the  hinge  pins ,  and  rieraove  the  ,))Iocking. 
Door  should  turn  easily  and  freely  on  the  hinges.  The  latches  should 
operate  freely  and  ride  up  the  inclines  on  the  catches  and  snap  into  position 
when  the  door  is  slammed  shut  or  closed  wi^h  moderate  forxje^,  ^^t^^ji^re  29. 
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NoTx. — Solid  steel  doors  are  provided  with  at  least  3  hinges  and  at  least 
3  latches  working  together.  The  doors  and  frames  are  completed  and  the 
hardware  attached  at  the  shop. 

35.  Mounting  Swinging  Doors  in  Pairs. — ^The  rules  for  mounting  single 
doors  apply  to  doors  in  jpairs.  St^ding  door  of  the  pair .  to  be  provided 
with  spring  bolts  at  top  and  bottom  which  enter  substantial  strike  plates  or 
catches  at  head  and  sill.     See  Figure  30. 

36.  Automatic  Swinging  DooRS.-T-(a)  To  be  so  arranged  that  when  the 
releasing  device  operates  by  heat»  a  sufficient  excess  in  weight  will  be 
exerted  to  pull  and  latch   the  door  closed. 

(b)  Substantial  phosphor  bronze  or  'galvanized  steel  wire  cable  or  approved 
chain  to  be  used  for  attaching  the  weights  to  the  door.  Cable  or  chain  to 
pass  over  sheaves  so  designed  that  they  will  not  jump  the  grooves.  Cables 
or  chain  to  be  sufficiently  weighted  to  keep  them  taut  when  the  doors  are 
opened   and   closed. 

(c)  The  weights  used  to  close  the  door  to  be  enclosed  in  a  suitable  box 
from  floor  to  top  of  weights  in  the  extreme  upward  position. 

(d)  Automatic  swinging  doors  in  pairs  to  be  so  arranged  that  the  stand4ng 
door  must  close  and  latch  before  the  swinging  door.  This  requires  the  use 
of  an  automatic  stop  or  trigger  which  will  hold  the  swinging  door  in  the 
open  position  until  the  standing  door  has  closed. 

Sheet  Metal  Sliding  Firt  Doors 

Standard  sheet  metal  fire  doors  are  fairly  substantial  in  construction,  prac- 
tical under  most  conditions  and  easy  to  install.  '  t)oors  on  both  sides  of  wall 
furnish  a  high  degree  of  resistance  to  fire  and  to  the  transmission  of  heat 
for  long  periods  of  exposure.  They  resist  fire  streams  well  and  are  durable 
and    easy   to   maintain. 

37.  Size  and  Shape  of  Doors. — Doors  to  overlap  sides  and  top  of  wall 
opening  4  inches.  Where  steel  lintels  are  used,  doors  to  overlap  the  brick- 
work 4  inches  above  upper  edge  of  the  steel,  unless  such  lintels  are  fire- 
proofed  in  a  manner  satisfactory  to  the  Inspection  Department  having  juris- 
diction.    Top  of  the  door  to  conform  to  incline  of  track,  %-inch  to  the  foot. 

38.  Mounting  Sliding  Doors.^ — (a)  The  rules  for  mounting  sliding  tiurclad 
doors  should   be   followed  .except   as   specified   in   the   following   rules. 

NoTte. — Parts  of  the  hardware'  for  mounting  sheet  metal  doors  are  espe- 
cially designed,  and  members  such'  as  chafing  strips,-  bumper  shoes,  handles 
and   necessary   reinforcements   ^re   installed   before    the    doors   leave   the   shop. 

(b)  Mounting  Track. — The  space  between  the  top  of  the  door  and  the  track 
to  be  at  least  i  inbh  to  allow,  for  the  upward  expansion  of  the  door  when 
heated. 

Note. — Sheet  metal  doors  are  provided  with  track  binders  ot  lugs  which 
engage  the  track  and  hold  the  door  in  position  in  case  the  hanger  wheel^ 
are  lifted  from  the   track  by  expansion.  . 

(c)  Attaching  Hangiers. — Hangers  to  be  bolted  to  door  when  in  position. 

Note. — Sheet  metal  doors  are  provided  with  bolt  holes  and  any  necessary 
reinforcements  for  the  attachment  of  the  hangers  before*  they  leave  the  -shop. 

(d)  Attaching  Binders. — Track  binders  to  lap  the  track  at  least  %  inch;  To 
be  located  2  inches  to  one  side  of  the  center  line  of  the  wall  -  bolts  when 
the  door  is  closed.  .     1 

Note. — The  track  binders  are  located  to  one  side  of  the  track  bolts  so 
that    they    will   clear    the    track   brackets    when    the    door    expands    upward. 

Where  possible,  doors  are  to  be  provided  with  one  or  more  rear  binders  in 
addition  to  the  front  binders  and  stay  roll  specified  for  tin-clad(d<^s^Qf^ar 
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binders  to  be  equally  distributed  between  top  and  bottom  of  door  and  attached 
by   through   bolts  as  specified   for  front  binders. 

Rolling  Steel  Fire  Doors 

Standard  rolling  steel  fire  doors  are  substantial  in  construction  and  prac- 
ticable under  most  conditions  but  are  somewhat  difficult  to  install.  Doors 
on  both  sides  of  wall  furnish  a  high  degree  of  resistance  to  fire,  and  a  fairly 
high  resistance  to  the  transmission  of  heat  for  long  periods  of  exposure.  They 
resist  fire  streams  well,  and  are  durable,  fairly  easy  to  maintain  and  are 
capable  of  being  installed  in  locations  where  space  limitations  prevent  the 
installation  of  other  types  of  doors.  Some  types  of  rolling  doors  are  difficult 
to  operate  after  they  have  closed  automatically.  The  type  and  use  of  these 
doors  in  any  given  case  should  be  considered  in  its  relation  to  the  eflfect 
upon  hazard  to  life. 

39.  Position  of  Doors. — (a)  Doors  subject  to  damage  from  falling  materials 
at  time  of  fire,  to  be  mounted  in  reveal  of  wall  so  that  no  portion  projects 
beyond  the  face  of  the  walL 

Note. — The  brackets  and  hood  of  rolling  steel  doors  mounted  on  the  face 
of  the  wall  project  materially  from  the  wall  and  are  especially  subject  to 
damage    by    falling   material    at    time    of   fire. 

(b)  Doors  not  subject  to  damage  from  falling  materials  at  time  of  fire 
may  be  mounted  on  the  face  of  the  wall.  Inspection  departipents  having 
jurisdiction   to   be   consulted   before    installation. 

Note. — Doors  mounted  on  the  face  of  fire  walls  should  usually  be  confined 
to  fireproof  buildings  where  there  fs  little  if  any  danger  of  the  collapse 
of  the  building  and  injury  to   the  door   from   falling  materials. 

'40.  Size  of  Doobs. — Doors  to  overlap  the  sides  of  the  wall  opening.  Hood 
to  fit  closely  against  the  lintels  or  where  the  door  is  mounted  on  the  face 
of  the  wall;  hood  to  be  placed  above  th^  top  of  the  opening  so  that  bottom 
of  the  curtain  will  be  flush  with  or  above  the  top  of  the  opening  when 
the  door  is  fully  open. 

41.  Mounting  Rolling  Doors. — Rolling  steel  doors  are  complicated  in  con- 
struction and  not  easily  installed  by  workmen  unfamiliar  with  them.  Where 
possible,  their  installation  should  be  under  the  supervision  of  the  mandf ac- 
turer.  Specifications  and'  blue  prints  should  be  furnished  covering  the 
details   of   installation. 

-(a)  Mounting  Guides.*— Place  one  of  the  guides  in  proper  position  at  side 
of  wall  opening  (on  highest  side  if  sill  is  not  perfectly  level)  and  see  that 
it  IS  plumb  and  that  proper  clearance  is  allowed  for  expansion  between 
bottom  of  guide  and  sill.  Mark  slots  on  wall  at  holes  for  wall  bolts.  Remove 
gjfSide  and  mark  long  crosses  at  end  of  slots  furthest  from  fixed  end  of 
guide  and  carefully  drill  holes  through  wall.  Place  opposite  guide  in  posi- 
tion on  wall  and  bolt  both  guides  together  with  %-inch  through  bolts,  care 
being  taken  to  s/st  that  guides  are  plumb  and  in  proper  position  after  bolting. 

Mark  a  level  line  horizontally  from  top  of  guides  to  opposite  side  of  wall 
opening,  and  install  guides  on  this  side  as  described  above.  Use  gaiuge 
stick  to  maintain  proper  horizontal  distance  between  the  bottom  of  grooves 
in  guides. 

Note. — Each  guide  is  provided  with  slotted  holes  spaced  not  more  than 
18  inches,  and  plates  with  slip  joints  to  allow  for  expansion  of  the  guides 
when  heated.  Sufficient  clearness  is  provided  between  the  sides  of  the 
curtains  and  the  bottom  of  the  grooves  in- the  guides  to .  allow  .for  the 
expansion   of   the   curtain   when   heated.  Digitized  by  VjOOQ IC 
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(b)  Mounting  Brackets. — Place  brackets  in  proper  position  at  top. of  guides 
and  mark  holes,  on  lintel  or  wall.  Remove  brackets  and  drill  holes  for 
bolts.  Bolt  brackets  in  position,  care  being  taken  to  see  that  they  are  plumb 
and  true,  that  they  are  the  proper  distance  apart,  that  t^ie  bearings  are 
level  with  eatch  other,  and  that  the  mouth  of  the  brackets  register  perfectly 
with   the   grooves. 

Note. — Clearance  is  provided  between  the  ends  of  the  barrel  and  the 
brackets  to  allow  for  expansion  when  the  barrel  is  heated.  The  mouth  of 
the  bracket  must  register  with  the  grooves  in  order  to  prevent  interference 
with    the    movement    of   the    curtain. 

(c)  Mounting  Barrel. — Place  barrel  in  position  in  bearings  so  that  it  is 
perfectly  level  and  will  turn  without  binding.     Install  attachments  to  barrel. 

(d)  Mounting  Curtain. — Remove  one  guide  and  bolt  top  section  of  curtain 
to  barrel  or  rings.  Slip  the  lower  sections  of  curtain  together  and  fasten 
by  end  locks  when  in  position.  Replace  guide  and  balance  curtain,  by  adjust- 
ment of  spring. 

Note. — The  curtains  of  some  doors  are  installed  without  being  separated 
into   sections. 

(e)  Mounting  Hoods. — Place  hoods  in  position  and  bolt  to  brackets  and 
lintel.  When  mounted  on  face  of  wall,  attach  wall  piece  of  hood  securely 
to  the  wall  by  bolts  or  nailing  into  mortar  joints.  Bolt  housing  on  outside 
of   brackets   in   position. 

(f)  Test. — Test  operation  of  the  doors  after  installation  and  alter  adjust- 
ments  if   necessary   to   make   them   operate   freely. 

Hollow  Metal  Swinging  Fire  Doors 

Standard  Class  A  hollow  metal  iire  doors  are  provided  with  insulated 
stiles  and  rails  at  least  i%  inches  in  thickness,  and  insulated  panels  at  least 
I  inch  in  thickness.  In  moderate  sizes  they  are  substantial  in  construction, 
practical  under  most  conditions,  fairly  easy  to,  install  and  permit  the  use  of 
concealed  hardware.  Mounted  on  both  sides  of  the  wall,  they  furnish  a 
high  degree  of  resistance  to  lire  and  to  the  transmission  of  beat  for  long 
periods  of  exposure.  They  resist  fire  streams  well,  are  durable  and  are  easy 
to    operate,    and    fairly    easy    to    maintain. 

42.  Size  of  Doors. — (a)  Single  swinging  doors  not  to  exceed  4  feet  in 
width  or  8  feet  in  height,  to  shut  into  rabbets  formed  by  thc^  stops  on  the 
wall    frame    and    fit    the    opening   closely. 

(b)  Swinging  doors  in  pairs  not  to  exceed  6  feet  in  width  or  S  feet  in 
height,  to  shut  into  rabbets  formed  by  the  stops  on  the  wall  frame,  to  fit 
the  opening  closely,  and  to  be  provided  with  rabbeted  edges  or  an  astragal 
where   they ,  come   together   at   the   middle. 

43.  Mounting  Single  Swinging  Doors. — (a)  To  be  mounted  in  approved 
wall    frames   properly    installed   in    the    wall. 

(b)  Doors  nob  exceeding  3^  feet  in  width  or  5  feet  in  height  to  be 
provided  with  at  least  two  approved  hinges.  Doors  in  excess  of  5  feet  and 
not  more  than  7^  feet  in  height  to  be  provided  with  at  least  3  approved 
hinges.  Doors  in  excess  of  7%  fe^  and  not  more  than  8  feet  in  height  to 
be  provided  with  at  least  4  approved  hinges. 

(c)  To  be  equipped  with  an  approved  three-point  locking  mechanism.  The 
latch  bolts  to  engage  catches  in  the  jamb  of  the  wall  frame  at  least  %  inch. 

44.  Mounting  Swinging  Doors  in  Pairs. — (a)  Doors  to  be  motinted  in 
an  approved  wall  frame  properly  installed  in  the  wall. 

(b)  Each  door  to  be  provided  with  approved  hinges  as  specified  for  single 

doors.      See   Rule  43b.  /     r^i^n\o 
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(c)  The  active  door  of  the  pair  to  be  provided  with  an  approved  three- 
po(nt  locking  mechanism  as  specified  for  single  doors.  The  latch  bolts  to 
engage  c<ltches  in  the  stile  of  the  opposite  door  at  least  %  inch. 

(d)  The  standing  or  normally  stationary  door  to  be  provided  with  an 
approved  two-point  locking  mechanism  engaging  catches  in  the  head  and 
sill    at   least    %    inch." 

(e)  Doors  to  be  provided  with  an  approved  interference  device  to  prevent 
the  wrong  door   from  closing  first. 

45.  Op£KAtion  of  Doors. — Doors  to  be  mounted  in  such  a  manner  that  they 
will  swing  easily  and  freely  on  their  hinges  and  close  accurately  against 
the  stops  on  the  wall  frame,  fitting  the  opening  snugly  but  without  binding. 
Thd  latch  bolts  should  operate  easily  and  register  properly  with  the  catches, 
securely    fastening   the    door    when   closed   easily    or    with    considerable    force. 

Note. — Doors  installed  in  new  buildings  may  require  several  readi'ustments 
of  the  locking  mechanism  to  insuce  proper  operation  of  locks  and  engage- 
ment of  the  latches,  as  slight  settlements'  in  new  buildings  are  practically 
unavoidable  and  somjetimes  disarrange  the  proper  registration  of  the  latch 
bolts. 

Constant  operation  of  the  door  causes  the  hinges  to  wear,,  and  this  wear 
may  in  time  be  sufficient  to  cause  the  door  to  bind  in  the  frame.  Hinges 
should  therefore  be  examined  at  fairly  frequent  intervals,  and  repaired  or 
replaced    If   necessary. 

REGULATIONS  FOR  THE  PROTECTION  (CLASS  B)  OF 

OPENINGS  IN  ENCLOSURES  l^O  VERTICAL 

COMMUNICATIONS.  THROUGH 

BUILDINGS 

Enclosures  to  vertical  openings  through  buildings  are  of  the  greatest  im- 
portance in  safeguarding  life,  are  next  in  importance  to  fire  walls  in  pre- 
venting the  spread  of  fire,  and  require  the  use  of  doors  that  can  be  reliably 
operated  at  exits,  and  of  fire  retardants  of  a  high"  order  at  all  wall  openings. 
While  these  enclosures  are  subject  to  fire  exposures  of  the  same  severity  as 
fire  walls,  the  conditions  in  these  situations-  in  buildings  are  such  that  a 
single  'fire  retardant  can  be  safely  employed  in  standard  shafts.  This  is 
made  possible  by  the  fact  that  the'  failure  of  two  fire  retardants,  always 
located  a  considerable  distance  apart,  must  occur  before  fire  can  pass  from 
one  fire  section  to  another  or  from  story  to  story.  Only  such  fire  retardants 
are  included  in  this  class  as  have  b^en  shown  by  experience  and  tests  to 
furnish  a  high  degree  of  fire  protection  when  installed  on  one  side  of  the 
wall,  and,  if  .used  as  exit  doors,  to  offer  no  serious  accident  hazaird  nnder 
normal   or  emergency   conditions  in   this   situation. 

Fire  retardants  fulfilling .  the  requirements  for  division  can  be  employed 
for  openings  into  vertical  shafts  where  the  type  and  pattern  are  suitable. 

General  Regulations 

46.  Number  and  Si2e  of  Wall  Openings.     See  Rules   i   and   i,  page  367. 

48.  NiTMRtR  OF  Dooss. — (a)  Each  opening  in  standard  shafts  communicat- 
ing with  more  than  one  building  or  section  of  a  building  to  be  provided 
with  an  approved  fire  door.  Doors  to  be  of  the  normally  closed  or  auto- 
matic type. 

Note. — Normally  closed  doors  are  preferable  where  the  nature  of  the 
business  is  such   that   they   are  not   likely  to  be  blocked  open. 

(b)   Each    opening    in    sub-standard    shafts    communicating   with    more    than 

one    building    or    section    of    a    building    to    be    provided    with  ^-.an  ^approved 
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fire'fioor,  and  in  addition,  each  opening  into  the  shaft  through  the  fire  \lrall 
to*'  be  provided  With  an  apprdvcd  door  for  'division  walls.  Doors  to  be 
of    the   normafly   dlosed   or   automatic   type. 

49^  Masonry  at  Wall  Openings.     Sec  Rule  4,  page  367. 

50.  SiLLs. — (a)  Any  of  the  flush  sills  specified  in  Rule  5  may  be  used 
in   shaft  openings. 

•  (b)  To  be  substantial  faietal  threshold  jilates  with  anti>slip  surface,  extend- 
ing into  the  masonry  at  each  side  bf  the  opening  and  anchored  to  the 
masonry  beneath  them. 

Note. — 'W'here  the  threshold  plates  spescified  above  are  used  in  connection 
with  metal  frames,  they  may  be  attached  to- such  frames  in  lieu  of  projec- 
tion   into   the   masonry   at   the   sides   of   the    opening. 

.(c)  In  buildings  with  non-combustiible  floors  no,  special  sill  construction 
is  necessary,  if  the  floor. structure  is  extetjided  through  the  opening. 

51.  Lintels. — Any  of  the  lintels  specified  in  Rule  6,  pagtj  373,  may,  be 
used   in  shaft   openings. 

52.  Wall  Frames. — (a)  Any  of  the  frames  specified  in  Rule  7,  page  373, 
may  ,be  used  in  shaft  openings.    . 

(b)  Frames  to  be  made  of  substantial  structural  steel  channels  at  the  sides 
and  t-op  of  the  opening.  Channels  to  be  securely  fastened  together  at  the 
upi^r  corners  and-  to  the,  sill,,  or  threshold  plate  where  used.  In  case  no 
sill  is  used,  channels  at  sides  of  opening  to  extend  Into  floor  structure  at 
least  3  inches.  Jambs  to  be  securely  anchored  to  masonry  :  at.  sides  of  open- 
ing, a^  intervals  not  exceeding  24  inqhes.  Where  swinging' doors  are  used, 
head  and  jambs  to  be  provided  with  metal  door  stops  projecting  at  least  % 
inch-  and  securely  fastened  to  the  frame  members. "  These  stops  may  be 
formed  in  special  sheet  metal  chaiiintels  overlapping  the  structural  steel 
channels. 

Where  channel  iron  frames  do  not  overlap .  both  sides  of  the  wall,  anchors 
to  extend  back  iti  such  a  manner  as  to  engage,  the  masonry  at  the  middle 
of   the   wall.  "  1 ., 

(c)  Frames  for  swinging  doors  may  be  made .  of  channel  shaped  sections 
of  sheet  mcital  at  least  No.  18  U.  S.  gauge  i*n  thickness.  Channels  to  be  at 
least  5  inches  wide,  securely  fastened  together  at  the  upper  comers  and  to 
the  sill  or  threshold  plate  if  6ne  is  used.  In  case  no  sill  is  used,  channels  at 
sides  of  opening  to  extend  into^  floor  structure-  at  least  ^  inches.  Jambs  to 
be  secured  to  masonry  at  sides  "of  opening  at  intervals  not  more  than  24 
inches.  ■  Where  flahges  of  channels  do  not  lap  both  sides  of  the  wall,  anchors 
to  extend  back  insUch  a' manner  1  as  to  engage  the  masonry  at  the  C€»iter'of 
the    wall.  . 

Head  and  jamb^  to  be  provided  with  metal  do<j>r  stops  projecting  at  least 
\is  inch;  securely  ifastened  to  jthe  frame  members.r  These  stops  may  be  formed 
in  special  sheet  metal  channels  overlapping  the  channel  in  contact  with 
the  masonry.       •/.•■, 

53.  Mea9urem£nt  for  Size  of  Fire  Doors.     See  Rule.  8,  page  376. 
Openings    in    walls    to    be    carefully   measured    before    doors    are    built    and 

maximum  dimensions  used  in  determining  overlap  o£  doors.  Where  wall 
frames  are  employed  the  size  of  the  dgor  is  determined  by  the  opening  in 
the  frame.  ,,,,'■■ 

54.  Type  of  Door,  Direction  of  Operation.— (a)  Doors  at  openings  to 
stairways  to  be  of  the  swinging  type  where  practicable.  To  open  in  the 
direction  of  exit  travel  in  such  manner  as  not  to  obstruct  the  passage  or 
the  operation  of  other  doors: 

Note.— ^Properly  installed  swingiilg  doors  are  easier  to  operiiite,  especially 
under  enaer.genicy  conditions,  than  any  other  type  and,  offer  less  xesistance  tq 
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fb)  Horizontally  sliding  doors  may.  be  used  at  openings  to  stairways 
where  conditions  prevent  the  use  of  swinging  doors.  To  open  in  such  manner 
as  not  to  obstruct  the  passage  or  the. operation  of  .other  doors. 

Note. — Sliding  doors  are  more  difficult  to  operate  than  swinging  doors, 
especially  at  times  of  emergency,  but  are  less  objectionable  at  exits  than 
vertical   sliding  or    rolling   doors. 

(c)   Vertical  doors  and  rolling  doors  not  to  be  used  at. openings  to  stairways. 

Note. — Doors  of  this  type  are  usually  difficult  to  operate,  and  the  method 
of  operating  them  is  not  obvious  or  as  well  understood  as  the  methods  of 
operating  swinging  or  horizontally  sliding  doors.  They  may  be  safely  em- 
ployed at  openings  in  enclosures  to  vertical  shafts  that  are  not  usied  as 
emergency  exits: 

55.  Automatic  Doors. — Doorfe  at  openings  to  enclosures  to  vertical  com- 
munications through  buildings  to  be  of  the  normally  closed  or  automatic 
types.  Doors  not  to  be  provided  with  attachments  that  will  prevent  the 
operation  of  the  closing  devices. 

•  Note. — Normally  closed  doors  are  doors  arranged  to  close  by  gravity,  or 
doors  equipped  with  an  approved  door  check  or  device  to  insure  proper 
closing  after  the  door  has  been  opened.  Automatic  doors  are  doors  equipped 
to  close  by  the  action  of  heat  if  left  open. 

56.  Care  and  Maintenance. — (a)  Doors  should  be  ready  for  instant  use 
at  all  times.  Therefore,  it  is  necessary  to  Tceep  surroundings  clear  of  every- 
thing that  would  be  likely  to  obstruct  or  interfere  with  their  free  operation. 
They   should   be   kept  closed   and   fastened   as   much   of  the   time   as   possible. 

(b)  Where  subject  to  deterioration  from  corrosion,  doora  should  be  painted 
at    fairly   frequent   intervals. 

(c)  Hardware  should  be  examined  at  frequent  intervals,  and  any  parts 
rendered  inoperative   should  be  promptly   replaced. 

(d)  Hinges  are  especially  subject  to  wear  and  for  this  reason  should  be 
inspected   frequently  and   kept   in   repair. 

(e)  Guides   and  bearings  to  be  kept   well   greased   to   facilitate   operation. 

(f)  Doors  of  the  sliding  pattern  should  be  stenciled  on  the  room  side 
with  the  words,  "To  Open,"  and  an  arrow  indicating  the  direction.  Swing- 
ing doors  should  be  stenciled,  "  Turn  Knob  and  Push,"  or  "  Press  Down 
Levfer  and  Push,"  as  the  case  may  be. 

•Swinging  Hollow  Metal  Fire  Doors 

Standard  Class  B  hollow  metal  fire  doors  are  provided  with  insulated 
stiles  and  rails  at  least  x^^  inches  in  thickness,  and  insulated  panels  at  least 
^  inch  in  thickness.  In  moderate  sizes  they  are  substantial  in  construc- 
tion, practical  under  most  conditions,  fairly  easy  to  install,  and  permit  the 
use  of  concealed  hardware.  Mounted  on  one  side  of.  vertical  shaft  walls,  they 
furnish  a  high  degree  of  resistance  to  fire  and  a  fairly  high  degree  of 
resistance  to  the  transmission  of  heat  for  long  periods  of  ^exposure.  They 
resist  fire  streams  well,  are  durable  and  easy  to  operate,  and  fairly  easy  to 
maintain. 

See   Rulefi  42  to  45   inclusive,  pages  397  and   398. 

Tin-Clad  Fire  Doors 

Standard  Class  B  tin-clad  fire  doors  are  the  same  as  Class  A  tin-clad 
doors,  except  that  the  cores  are  made  of  'two  plies.  In  moderate  sizes  they 
are  fairly  substantial  in  construction,  practical  under  most  conditions,  and 
easy  to  install.  Mounted  on  one  side  of  the  wall,  they  furnish  a  high  degree 
of  resistance  to  fire  and  to  the  transmission  o>f  heat  for  fairly  long  periods 

Digitized  by  LjOOQ  IC 


Protection  of  Wall  Ofbnings  4Q1 

of  exposure,  and  resist  fire  streams  fairly  well.  Under  adverse  conditions 
of  service  they  are  liable  to  deteriorate  rapidly,  and  are  difljicult  to  maintain. 
The  rules  covering  vent  holes,  size  and  shape  of  doors,  and  nRHUiting 
sliding  and  swinging  Class  A  tin-clad  fire  doors  to  apply  to  two-ply  tin-clad 
fire  doors  for  Class  13  situations.  Se  Rules  19  to  27  inclusive,  .pag^  378 
to    388,    and    list    of    Approved    Hardware    for    these    doors. 

Rolling  Steel  Elevator  Doors 

standard  rolling  steel  doors  are  substantial  in  construction,  practical 
under  most  conditions,  but  are  somewhat  difScult  td  install.  Mounted  on 
one  side  of  vertical  shaft  walls  they  ftiimish  a  high  degree  of  resistance  to 
fire  for  long  periods  of  exposure,  and  a  sufficient  -resistance  to  the  trans- 
mission of  heat  in  these  situations.  They  resist  fire  streams  well,  are  durable, 
fairly  easy  to  maintain,  and  capable  of  being  installed  in  locations  where 
space   limitations  prevent   the  installation   of  other   types  of  doors. 

Some  types  of  rolling  steel  elevator  doors  are  difficult  to  operate  after 
they  have  closed  automatically.  The  type  and  use  of  these  doors  in  any 
given  case  should  be  considered  in  its  relation  to  effect  upon  hazard  to  life.' 

Position  or  Dooks. — (a)  Doors  in  enclosing  walls  of  elevator  shafts  which 
communicate  with  more  than  one  fire  section,  and  which  are  subject  to 
damage  from  falling  materials  at  time  of  fire„  to  be  mounted  in  leveal  of 
wall  so  that  no  portion  projects  beyond  the  face  of  the  wall. 

(b)  Doors  in  enclosing  walls  of  elevator  shafts  which  do  not  communicate 
with  more  than  one  fire  section,  and  doors  which  are  not  subject  to  damage 
from  falling  material  at  time  of  fire,  may  be  mounted  on  the  face'  of  the 
wall.  Inspection  depak-tments  having  jurisdiction  to  be  CQHsulfed  before 
installation. 

Note.-— Doors  mounted  on  the  face  of  the  wall  should  usually  be  confined 
to  elevator  shafts  in  fireproof,  bufldings,,  and  to  elevator  shafts  serving  a 
single  fire  section  only.  •      .1  ...,,,,  .t 

Size  op  Doors. — Doors  not  to  exceed  sizes  suitable  for  openings  8  feet  in 
width  and  9  feet  in  height.  To  overlap  the  sides  of  the  wall  opening.  Hood 
to  fit  closely  against  the  lintel,  or  where  the  door  is  mounted  on  the  face 
of  the  wall,  hood  to  be  placed  above  the  top  of  the  opening  so  that  the 
bottom  of  the  curtain  will  be  flush  with  or  above  the  top  of  the  opening 
when  the   door  is   fully  open. 

Mounting  Rolling  Doors. — ^The  rules  for  mounting  rolling  steel  doors  at 
openings  in  fire  w^lls  to  be  followed,  except  that  doors  are  installed  only 
on  one  side  of  wall.     See   Rule  41   a  to  f  inclusive,  page   396. 

Counterbalanced  Elevator  Doors 

Standard  counterbalanced  elevator  doors  are  substantial  in  construction, 
practical  in  many  elevator  enclosures,  but  are  somewhat  difficult  to  install.' 
Mounted  on  one  side  of  shaft  walls  they  furnish  a  high  degree  of  resistance 
to  fire  for  long  periods  of  exposure  and  a  sufficient  resistance  to  the  trans- 
mission of  heat  in  these  situations.  They  resist  fire  streams  well,  are  durable 
and  generally  es^y  to  maintain. 

Size  of  Doors. — (a)  Doors  not  to  exceed  sizes  suitable  for  openings  8  feet 
in  width  and  jo  feet  in  height.  To  lap  the  opening  at  least  a  inches  <mi 
the  sides,  and  at  least  3  inches  at  top  and  bottom. 

(b)  Door  sections  .to  engage  the  guides,  on  each  side  at  least,  i  inch  with 
%-inch  clearance  in  each  guide   for  lateral  expansion.    ^.  CjOOQ IC 
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MdtJNTiNG  CouNt^liBALAKcEb  Elevatotr  Doors.^— Countcfbalanoed  elevator 
do^rs  "are'  not  easily  installed  ty  workmen  unfamiliar  with  fhem^  Where 
possible,  their  installation  should  be  under  the  supervision  of  the  mahufac- 
turet.'  SpecificMions  and  blue  prints  should  be  furnished  covering  the 
details  of  installation.  The  elevator  should  be  available  during  the  installa- 
tion of  doors. 

(a)  Mounting  Wall  Guides. — Place  the  guides  in  proper  position  at  sides 
of  opening  and  see  that  they  are  perfectly  plumb,  th^  proper  distance  apart, 
and  that  the  attachments  on  each  guide  are  directly  opposite  each  other  on 
a  level  line.  Mark  slots  on  waU  at  holes  ior  wall  bolts^  reqiove  guides 
and  mark  long  crosses  at  ends  of  fslots  furthest  away  from  the  fixed  point 
on .  the  guides  and  drill  holes  through  wall  exactly  where  qiarked.  Replace 
guides  ;and  bolt  to  wall  with  %-iruih  through  bolts,  placing  .  washers  on 
opposite  side  of  wall. 

Next. — The  guides  are  assembled  at  the  Shop  -in  tifrit  lengths  approxi- 
mately equal  to  story  heights,  2  uajohes  being  allowed  between  units  for 
clearance  and  expansion.  The  guides  are  provided .  wjth  one  round  hole 
and  slots  spaced  not  more  than  18  incnes  at  the  door  opening  and  not  more 
tliail  42  -inches  above  the  door  opehing.  The  wall  bolt  at  the  round  hole 
-  Is    the    fixed    point    on    the    guides. 

Whekfe  the  doors  are  mounted  ort  non-standard  enclosing  walls,  the  ends 
of  the  wall  guides  to  be  securely  ahchofed  to  the  floor  structure  at  floor  levels. 

Note. — If  seburefy  attached  to  the  floors,  the  #a!l  guides  serve  as  struc- 
tural supports  to  both  door  and   wall. 

WaU  guides  may  be  attached  to  standard  wall  frames  by  slotted  clips  and 
bolts.      See    Rules    7    and    52b,    pages    373    and    399- 

Nqtb» — The  wall  frames  arc  liable  to  bulge .  -when  exposed  to  fire  and 
affeqt  the  fire  retardant  properties  of  doors  attached  to.  them,  unless  slotted 
connections    are    employed. 

(b)  Mounting  Door  Sections. — Place  door  sections  in  position  in  guides 
so  that  latches  and' stops  engage  properly,  attac^  chains  to  counterbaiancing 
mechanism,  and  adjust  so  that  the  door  closes  and  (latches  properly  when 
operated.  t  .    , 

MetaM:iad  Doors 

Standard  Class  B  ipetal-clad  fire  doors  are  provided  with  framed  wooden 
cores,  covered  with  sheet  meta|,  with  stiles  and  rails  at  least  1^  inches  in 
thickness  and  with  depressed  panels.  In  moderate  siz^s  they  are  fairly  sub- 
stantial in  constriction,  practical  under  most,  conditions,  fairly  easy  to  install, 
but  <^o  not  permit  pf  concealed  hardware.  Mounted  on  one  side  of  vertical 
shaft  walls  they  furnish  a  high  degr^  of  resistance  to  fire  ancji  to  the  trans- 
mission of  heat  for  fairly  long  periods  of  exposure,  and  resist  fire  streams 
fairly  well.  Under  adverse  conditions  of  service  they  are  liable  to  deteriorate 
rapidly  and  are   diffictUt.  to  mnintlltt.  )   ,  . 

Swinging  METAi^rCLAD  Doors 

StZB  OP  Doohs.'^— (h)  Sfn^d  swinging  doors  not  to  exceed  4  feet  in  width 
ot-  8  feet  in  height,  to  sliut  into  rabbets  formed  by  the  stops  on  the  wall 
fr&tti6  atid  fit  the  6perRng  closely'. 

(b)  Swinging  doors  in  pairs  not  to  exceed  6  ffcet  in  width  or  8  feet  in 
height,  to  shut  Into  rabbets  formed  by  the  stops  on  the  wall  frame,  to  fit 
the  opening  closely,  and  to  be  t)rovided  with  rabbeted  edges  or  an  astragal 
where  they   come   together  at   the  ihiddle. 

MotJHTiNo  S1NO1.E  SwiwoiNO  Doors. — (a)  To  be  mounted  iti  Approved 
wall    frames   properly  itidtiflled   in'  the   wall.  '  Digitized  by  CjOOQ IC 
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(b)  Doors  ndt  exceeding  3%  feet  in  width  or  5  feet  in  height  to  be  pro- 
vided with  at  least  two  approved  hiiiges.  Doors  in  excess  of  5  feet,  aftd  not 
more  than  7^^  feet  in  height  to  be  provided  with  at  least  3  approved  hinges. 
Doors  in  excess  of  7%  feet  and  not  more  than  8  feet  iii  height  to  be  provided 
with  at  kast  4  approved  hinges. 

(c)  Doors  to  be  e<iuipped  with  an  approved  three-latch  mechanism,  in- 
stalled as  nearly  as  possible  in  the  manner  specified  for  swinging  titi-clad  fire 
doors.      See   Rule   24c,    page    386. 

Mounting  Swinging  Doors  in  Pairs. — (a)  To  be  movttiVtd  in  approved 
wall   frames   properly   installed   in   the   wall. 

(b)  Each  door  to  be  provided  with  approv^  l^inges  as  specified  for 
single  doors. 

(c)  The  active  door  of  the  pair  to  be  eqirippcd  with  an  'approved-  three- 
latch  mechanism,  installed  as  nearly  as  possible  in  th(e  hiatiner  specified  for 
swinging  tin-clad  fire  doors.     See  Rule  24c,  page  386.' 

(d)  The  standing  or  normally  stationary  door  to  be  e<]uipped  with  an 
approved  door  belt  at  top  and  bottom  and  with  cdtches  for  the  latches  on 
the  active  door,  installed  as  nTearly  as  possible  in  the  manner  speelfied  for 
tin-clad    doors.      See    Rules    25a,    b,    page    388. 

(e)  Doors  to  be  provided  with  an  approved  interference  device  to  prevent 
the  wrong  door   from  closing  first. 

Operation  of  Doors. — Doors  to  be  mounted  iti  such  a  manner  that  they 
will  swing  easily  and  freely  on  their  hinges,  and  close  accurately  against  the 
stops  on  the  wall  frame  without  binding.  The  'latches  should  operate  freely 
on  their  pivots  and  ride  up  the  inclines  ott  the  catches  and  snap  into  position 
when  the  door  is  slammed  shut  or  closed  with  moderate  force. 

REGULATIONS  FOR  THE  PROTECTION  (CLASS  C)  OF 
OPENINGS  IN  CORRIDOR  AND  ROOM  PARTITIONS 

partitions  used  for  the  subdivision  of  fire  sections  of  buildings  are  of 
very  considerable  value  in  safeguai-ding  li£^  and  preventing  the  rapid  spread 
of  fire  through  buildings.  While  of  lesser  itnportance  frdm  the  fire  protec- 
tion viewpoint  than  fire  walls  and  enclosures  to  vertical  .communications 
through  buildings,  all  openings  in  interior  partitions  should  be  provided  with 
effective  barriers  to  the  passage  of  fire.  This  can  be  accomplished  by  the 
use  of  fire  retardants  that  fulfill  all  service  requirements  btit  do  not  possess 
the  qualifications  for  the  protection  of  openings  in  fire  walls,  openings 
in  enclosing  walls  to  rpoms  containing  specially  hazardous,  procestes,  and 
vertical  shafts.  Only  such  fire  retardants  are  included  in  this  class  as  have 
been  shown  by  experience  and  tests  to  prevent  the  ^n-ead  df  ^re  for  "fairly 
long  periods  when  installed  on  one  side  of  corridor  and  room  partitions,  and 
to  offer  no  serious  accident  hazard  under  normal  or  emergency  conditions 
in    this    situation. 

Fire  retardants  fulfilling  Class  A  and  Class  B  requirements  can  be  em- 
ployed for  openings  in  corridor  and  room  partitions  where  the  type  and 
pattern  are  suitable. 

General  Regulations 

NuM&ER  AND  Size  olf  OffiNiwcs. — Openirigs  to  be  in  sufficient  "ntlmber  arid 
of  ample  size  to  provide  for  rapid  egfress'  toward  the  exits,  otherwise  to  be 
as  few  and  aS  sm-all  as  the  circumstances  will  permit. 

Thresholds. — ^To  be  made  of  tiort-combustible  tnatbrial  with  tipnfcr  surface 
treated    to    prevent    slipping.  Digitized  by  CjOOQIC 
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Lintels. — Lintels  to  be  of  non-combustible  material  capable  of  safely  sus- 
taining the  superimposed  loads,  or  partitions  to  be  so  constructed  that  the 
frame  will  not  be  subjected  to  material  stress. 

Wall  Frames. — (a)  To  consist  of  structural  or  sheet  steel  channels  of 
sufficient  width  to  lap  the  sides  of  the  partition. 

(b)  To  be  securely  anchored  to  partition,  and  where  they  extend  from 
floor  to  ceiling,  to  be  securely  anchored  at  top  and  bottom. 

Finish  at  Openings. — ^The  casing  and  trim  at  openings  to  be  preferably 
of  non-combtistible  material. 

Hoilow  Metal  and  Metal-Clad  Doors 

Standard  CUss  C  doors  of  these  patterns  may  be  provided  with  wired  glass 
upper,  panels,  and  limited  amounts  of  heat  insulating  materials.  In  moderate 
sizes  they  are  fairly  substantial  in  construction,  practical  under  most  condi- 
tions, and  fairly  easy  to  install.  Mounted  in  corridor  and  room  partitions 
they  furnish  a  fairly  high  degree  of  resistance  to  fire  for  limited  periods 
and  sufficient  resistance  to  the  transmission  of  heat  in  this  situation.  When 
equipped .  with  wired  glass  panels  they  afford  only  a  limited  resistance  to 
fire  streams.  Under  adverse  conditions  of  service  the  metal-clad  doors  are 
liable  to  deteriorate  rapidly  and  are  difficult  to  maintain. 

Sl2E  OF  Doors. — (a)  Single  swinging  doors  not  to  exceed  4  feet  in  width 
or  9  feet  in  height,  .  to  shut  into  rabbets  formed  by  the  stpps  on  the  wall 
frame  and  fit  the  opening  closely. 

Cb)  Swinging  doors  in  pairs  not  to  exceed  8  feet  in  width  or  9  feet  in 
height,  to  shut  into  rabbets  formed  by  the  stops  on  the  wall  frame,  to  fit 
the  opening  closely,  and  also  to  fit  together  closely  where  they  come  together 
at  the  middle. 

Mounting  Swinging  Doors. — (a)  To  be  mounted  in  approved  wall  frames 
properly   installed   in   the  wall   or  partition. 

(b)  Doors  not  exceeding  3%  feet  in  width  or  5  feet  in  height  to  be  pro- 
vided with  at  least  2  approived  hinges.  Doors  in  excess  of  5  feet  and  not 
more  than  7%  feet  in  height  to  be  provided  with  at  least  3  approved  hinges. 
Doors  in  excess  of  7%  feet  and  not  more  than  9  feet  in  height  to  be  provided 
with  at  least  4  approved  hinges. 

(c)  Doors  to  be  equipped  with  the  ordinary  heavy  hardware. 

(d)  Doors  to  be  mounted  in  such  a  manner  that  they  will  swing  easily 
and  freiely  on  their  hinges  and  open  and  close  without  binding. 

REGULATIONS  FOR  THE  PROTECTION  (CLASS  D)  OF 

OPENINGS  IN  EXTERIOR  WALLS  SUBJECT  TO 

SEVERE  FIRE  EXPOSURE 

The  importance  of  exterior  walls  as  a  safeguard  to  life  at  time  of  fire, 
and  in  preventing  fire  from  entering  and  spreading  through  buildings,  makes 
it  essential  that  all  openings  in  such  •  walls  subject  to  severe  exposing  fires 
be  protected  by  efficient  methods.  Only  such  fire  retardants  are  included  in 
this  class  as  have  been  shown  by  experience  and  tests  to  furnish  a  high 
degree  of  fire  protection  when  installed  on  one  side  of  the  wall,  and,  if 
used. at  exit  openings,  to  offer  no  serious  accident  hazard  under  normal  or 
emergency  conditions  in  this  situation. 

Fire*  retardants  fulfilling  Class  A  or  Qass  B  requirements  can  be  employed 
for  the  protection  of  openings  in  exterior  walls  subject  to  severe  fire  ex- 
posure where  the  type  knd  pattern  are  suitable,  p.^.^.^^^  ^y(^QQQ[^ 
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General   Regulations 

Number  and  Size  of  Wall  Openings. — Openings  to  be  in  sufficient  num- 
ber and  of  ample  size  to  provide  for  rapid  egress  from  the  building,  and 
to  furnish  sufficient  light  and  ventilation,  otherwise  to  be  as  few  and  small 
as  the  circumstances  will  permit. 

Masonry  at  Wall  Openings.— Walls  to  be  plumt)  and  true  and  present 
smooth  masonry  surfaces  without  combustible  trim  at  openings. 

Sills. — (a)  To  be  of  non-combustible  material  suitable  for  the  service 
intended,  and  provided  with  any  grooves,  holes  or  recesses  necessary  for  the 
proper  installation  of  the  fire  retardants  used  to  protect  the  opening!. 

(b)  To  l^  firmly  embedded  in  mortar,  and  securely  bonded  or  anchored  to 
the  masoni^. 

LiNTELS.-j— To  be  of  non-combustible  material  and  designed  for  the  proper 
installation  of  the  fire  retardants  used  to  protect  the  openings. 

Note. — T^e  lintels  specified  for  openings  in  fire  walls  may  be  used  for 
openings  iq  exterior  walls,  particularly  for  door  openings.'  See  Rule  6,  pager 
373. 

Wall  Frames. — Wall  frames  for  exterior  door  openings  to  conform  In  all 
essential  particulars  with  the  requirements  for  openings  in  fire  walls  or 
vertical  communications  through  buildings.  See  Rules  7,  page  373,  and  52, 
page    399. 

Measurement  for  Size  of  Fire  Retardants. — Openings  in  extcnor  walls 
to  be  carefully  measured  before  the  doors  or  shutters  are  built.  Where  wall 
frames   are    employed,   the   size   is   to   be   determined   by   the   opening   in   the 

frame. 

} 
Note. — qpenings  in  exterior  walls  afe  very  apt  to  vary  from  the  sizes 
given  on  plans.  The  size  and  shape  of  the  opening  in  wall  frames  is  fre- 
quently altered  by  distortion  incidental  to  shipment  and  installation.  It  is 
important  therefore  that  the  openings  be  carefully  measured  before  the 
doors  or  shutters  are  built. 

Type  of:  Doors — Direction  of  Operation. — Doors  at  openings  used  as 
exits  t6  be  of  the  swinging  type  where  practicable.  To  open  in  the  ^direction 
of  exit  travel  in  such  a  manner  as  not  to  obstruct  the  passage  or  the  opeVa- 
tion  of  other  doors. 

Care  and  Maintenance. — (a)  Exterior  fire  doors  and  shutters  sliould  be 
ready  for  ikistant  use  at  all  times,  therefore  it  is  necessary  to  keep  J  the  sur- 
roundings clear  of  everything  that  would  be  likely  to  obstruct  or  interfere 
with  their  ^ree  operation.  They  should  be  kept  closed  and  fastened  nights, 
Sundays  aqd  holidays,  and  whenever  the  openings  are  not  in  use. 

(b)  Never  tack  any  tin  on  tin-clad  doors  or  shutters.  When  tin  becomes 
worn,  substitute  new  sheets  in  the  same  manner  as  when  applying  th^  original 
covering.  ^ 

Painting^ — Exterior  doors  and  shutters  to  be  given  one  good  coati  of  paint 
before  they  leave  the  shop,  and  at  least  one  coat  after  they  are  ^installed. 
Rolling  steel  doors  and  shutter^  not  to  be  opened  (coiled  up)  until  the  paint 
has  dried  sufficiently  to  prevent  adhesion  between  the  parts.  Exterior  doors 
and  shutteilB  to  be  repainted  at  fairly  frequent  intervals  to  prevent  deteriora- 
tion.    Paint  to  be  satisfactory  to  inspection  departments  having  jurisdiction. 

Tin-Clad  Fire  Shutters 

87.  Size  and  Shape  op  Shutters. — Shutters  to  overlap  sides  and  top  of 
window  opening  4  inches,  or  close  into  the  opening.  Shutters  in  pairs  to 
fit  closely   where    they   come   together   at  the   middle.  Digitized  by  CjOOQIC 
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Note. — Shutters  in  pairs  ^o  not  furnish  as  reliable  protection  as  single 
shutters.  Joints  between  shutters  may  be  protected  by  %  x  2%  inch  steel 
astrajg^al  bolted  to  one  shutter  by  carriage  bolts  spaced  10  inches.  The  window 
opemiigs   should  be   carefully  measured  before   the   shutters  are   built. 

88.  Mounting  Shutters. — (a)  Attachment  of  l*in  or  Eye  Blocks. — To  be 
securely  set  in  wall  or  bolted  through  wall. 

(b)  Attachment  of  Hinges. — Shutters  in  excess  of  7  feet  in  height  or  6 
feet    in    width   to   be   provided   with    three   hinges.     Hinges   to   be   secured   by 


Fig.  31      Tin  ClQd  Fire  Shutters. 


Reproduced  by  perinisfuon  Nat'l  Bd.  of  Fire  Und's. 
bolts    passing   through    the    sht^ttert    placing    washers    finder    bolt    heads. 


The 


rules    for   attaching   hinges   to   tin-clad    fire   doors    should    be    followed    as    far 
as   possible.      See    Ru>le   24   b,   page    386. 

(c)  AttacWng   Latches. — Shutters   to   be   secured  shut  by  at  least  two   steel 
bars    or    latches    working   together    and    spaced    abo^^^gQ^^(j}^^di{f^  distance 
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from  top  and  bottom  of  thf  window  ope«iing.  Latches  |o  pivot  on  %-inch 
bolts  through   the  shutters.      See   Figure   31. 

(<!):  Attaching  Catchea.-^To  be  securely  set  in  wall.  Gatohes  for  slnittcrs 
in  pairs  to  be  provided  with  a  flare  and  attached  to  the  shutter  by  two  %-nich 
through'  bolts.  Hooks  or  gravity  catches  securely  attached  to  watt  tx>  be 
provided  to   hold   the  shutter   in  position   when  open.      See    Figure   31. 

(e)  Operation. — At  least  one  shutter  in  three  on  each  story  above  tW  first: 


Fi^.  32.  Iron  Shutters,Pjjen. 


Reproduced  by  pensiflaieii  Nnk'l  Bd.  of  Fire  Und's. 

and  below  the  seventh,"  and  shutters  next  to  fire  escapes  and  above  adjoining 
buildings  tq  be  constructed  s,o  that  they  can  be  operated  from  both  inside 
and  outside. 

89.  Sliding  Shutters. — Sliding  shutter^  not  to  be  u^d  If  avpidablt,-  If 
used  oh  the  outside,  metal  shields  should  be  provided  ^o  prevent  accumub- 
ti<iw  of  snow  and  ice  on  track.  .  Digitized  by  GOOglC 
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Solid  Steel  and  Sheet  Metal  Shutters 

90.  Size  and  Shape  op  Shutters. — Shutters  to  overlap  sides  and  top  of 
window  opening  at  least  i^  inches  or  close  into  the  opening.  Bottom  of 
shutter  to  Hi  the  sill  closely  where  it  is  not  practical  to  lap  it.  Shutters 
in  pairs  to  1^  each  other  at  least  i^  inches  when  they  come  together  at 
the  middle.     See   Figures  32  and   33. 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und'a. 

Note. — ^The    window    openings    should    be    carefully    measured    before    the 
shutters   are  built. 

9T.  M6UNTING  Shutters. — (a)  Attachments  of  Pin  or  Eye  Blocks. — ^To  be 
secm-ely  set  in  wall  or  bolted  through  wall. 

(b)  Attachment   of  ^Hinges. — Hinges   not   to   exceed   24   incbeaCMilQ   when 


Protection  of  Wall  Openings 


409 


shutter  is  in  excess  of  6  feet  in  height.  Set  the  shutters  in  positions  with 
ends  of  hinges  in  position  on  pin  or  eye  blocks.  Shutters  should  turn  easily 
and   freely  on  the  hinges.      See   Figures  32  and   33. 

Note. — The    hinges    are    attached    to    solid    steel    and    sheet    metal    shutters 
at  the  top. 

(c)  Attaching  Latches. — Shutters  to  b«  provided  with  at  least  two  latches, 
and  where  more  than  6  feet  in  height  latches  not  to  exceed  24  inches  apart. 


.  nft34  DcXDr  to  cover  Be  IT  Hole  Opening. 
Dotted  lines  show  of)enin^  thrbt^  wol  I 


R^liroduced  by  permission  Nat'l  Bd.  of  Fire  Unci's. 

Latches  to  work  together  and  to  be  installed  before  the  shutter  is  mounted. 
Ldtches  to  extend  at  least  one  third  the  distance  across  the  opposite  shutter 
when  shutters  in  pairs  are  used.     See  Figures  32  and  33. 

(d)  Attaching  Catches. — To  be  securely  set  in  wall,  or  where  shutters  arc 
in  pairs,  to  be  securely  riveted  to  the  standing  shutter 
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of-<   gravity    catches    securely    attached    to    wall    to    be    provided    to    hold    the 
shyUeir  m  position  when  open.     See  Figures  3^2  and  33. 

(e)  Operation. — At  least  one  shutter  ,  in,  three  on  eaph  story,  above  the . 
first  and  below  the  seventh,  and  shutters  ne;ct  to  fire  escapes  and  above 
adjoining  buildings,  to  be  constructed  so  that  they  can  be  operated  from 
both,  Inside   and  outside. , 

Rollins.  Steel  Fire  Shutters 

92.  Position  of  Shutters. — Shutters  to  be  mounted  on  the  face 'of  wall 
or  coil  may  be  mounted  in  the  wall  when  the  shutter  is  so  designed  :that  the 
curtain   is  located  outside   of   the  window   frame   when  the  shutter   i$  closed. 

93.  Size 'OF  Shutters. — Shutters  not  to  exceed  sizes  suitable  for  |  window 
openings  10  feet  wide  by  10  feet  in  height,  and  to  overlap  openings  at  the 
sides  and  top.  Hood  to  be  placed  above  the  top  of  the  opening,  or  in  |he 
wall  over  the  opening  so  that  the  bottom  of  the  curtain  will  be  fii)sh  with 
or   above   tlie   top   of  the  opening   when   the   shutter   is   fully   open. 

94.  MouKTiNG  Rolling  Shutters. — Rolling  steel  shutters  are  complicated 
in  construction  and  not  easily  installed  by  workmen  unfamiliar  with  them. 
Where  possible,  their  installation  should  be  under  the  supervision  of  the 
manufacturer.  Specifications  and  blue  prints  should  be  furnished  covering 
the    details    of    installation. 

The  rules  for  mounting  rolling  steel  fire  doors  to  be  followed  in  mounting 
rolling  shutters,  except  that  doors  are  installed  only  on  one  side  of  wall. 
See  Rules  41a  to  43,  inclusive,  pages  396  and  397. 

95.  Testing  Rolling  Shutters. — ^Shiitters  to  be  tested  after  installation, 
and  adjustments  altered,  if  necessary,  to  make  them  operate  freely.    '■ 

Note. — itoUing  shutters  should  be  providecf  with  approved  attachments  for 
conveniently  testing  their  operation  from  the  inside  of  the  building,  and 
with  approved  safety  attachments  to  prevent  their  operation,  while  windows 
are  being  washed.  These  attachments  to  be  so  designed  that  the  shutters 
cannot   be   left   in  an   inoperative  condition. 

REGULATIONS  FOR  THE  PROTECTION  (CLASS  E)  OF 
OPENINGS  IN  EXTERIOR  WALLS  SUBJECT  TO 
MODERATE  FIRE  EXPOSURE  I 

Openings  in  exterior  walls,  not  subject  to  severe  fire  exposure,  ,may  be 
efficiently  protected  lay  devices  which  will  not  safely  with^tstnd  tjie  high 
temperatures  of  severe  fire  exposures  on  the  exterior  of  buildings^  or  the 
temperatures  of  fires  on  the  interior  of  buildings.  Only  such  fire  t Jtardants 
are  included  in  this  class  as  have  been  shown  by  experience  and  tests  to 
furnish  a  high  degree  of  fire  protection  when  installed  on  one  side  of 
exterior  walls  not  subject  to  severe  fire  exposure,  and,  if  used  at  exit  open- 
ings, to  oflfer  no  serious  accident  hazard  under  normal  or  emergency  condi- 
tions   in   this    situation. 

Fire  retardants  fulfilling  Class  A,  B  or  D  requirements  can  be  employed 
for  the  protection  of  openings  in  ex^rior  walls  not  subject  to  seyere  fire 
exposure,  where  the  type  and  pattern  are  suitable. 

General  Regulations' 

96.  Number  and  Size  of  Wall  •  Openings-- Oixmings  to  be  su%«ieat  iq 
number  and  of  ample  siie  to  provide  for  rapid  egress  from  the  buildimp, 
and  to  furnish  sufficient  light  and  ventilation,  otlperwise  to  be  as  few  and 
as  small  as  the  ciroimstapvres  will  permit.  Digitized  by  GOOglC 
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97.  Masonsy  at  Wall  Openings- — Walls  to  be  plumb  and  true,  and  to 
present  smooth  masonry  surfaces  at  edges  without  combuatible  trim  at 
openings. 

98.  Sills  and  Lintels. — To  be  of  non -combustible  material  suitable  for  the 
service  intended,  designed  for  the  proper  installation  of  the  retardants  used 
to  protect  the  openings,  and  firmly  embedded  in  mortar  and  securely  bonded 
or  anchored   in   position. 

Note. — The  sills  and  lintels  specified  for  openings  in  fire  walls  may  .be 
used  for  openings  in  exterior  walls  when  suitable.  See  Rules  5  and  6, 
page  373. 

99.  Wall  Frames  for  Doors. — Door  frames  specified  fpr  openings  in  Class 
A  and  B  situations  may  be  used  for  door  openings  in  ejcterior  walls.  Sec 
Rules  .7   and    52,   pages   373   and    399. 

TOO.  MuLLioNS. — (a)  Bearing  mullions  to  be  of  masonry  or  of  structural 
members  protected  t|y  at  least  z  inches  of  fii>eproo(itig  material  on  all  sSdes^ 

(b)  Non-bearing  mullions  and  horizontal  structural  dividing  members  to 
consist  of  steel  I-beams  not  smaller  than  5  inches,  securely  fastened  to  the 
wall  and  protected  by  at  least  2  ioches  of  fireproofing  material  on  the  flanges 
and  at  least  2^  inches  next  on  the  web. 

Toi.  Care  and  Maintenance. — Fire  jretardants  at  exterior  openings  to  be 
kept  well  painted  to  prevent  deterioration,  to  be  kept  clean  of  everything  that 
would  be  likely  to  obstruct  or  dnterfcpe  with  their  free  operation,  and  to  be 
frequently   tested   and   maintained   in   perfect   working   order. 

Fire  Windows 

Wired,  glass  ^Vindows  are  fairly  substantial  in  construction,  practical  uitder 
most  condftions,  easy  to  install  and  to  maintain,  furnish  a  fairly'  high 
degree  of  resistance  to  fire,  but  their  use  is  restricted  by  inherent  limitations 
of  the  glass  which  transmits  heat  readily,  and  melts  at  comparatively  low 
temperatures.  For  situations  where  the  exposure  is  not  severe  Ihey  will 
prevent  the  spread  of  fire  from  one  building  to  .another  or  from  one  story 
to  another  in  the  same  building. 

102.  Size  of  Fire  Windows. — Metal  frame  containing  the  sash  or  glasa  not 
to  exceed  5  feet  by  9  feet  between  supports.  L.arger  openings  to  be  reinforced 
at  every  point  of  division  by  mullions  or  horizontal  structural  members  con- 
structed as  specified  in  Rule   looa  and  b.  ,-... 

103.  Size  of  Glass  for  Fire  Windows. — Area  of  wired  glass  between  sup- 
ports not  to  exceed  720  square  inches,  aod  the  longer  dimension  of  the  glass 
not  to  exceed  48  inches. 

104.  Installation  of  Fire  Winix>ws. — (a)  Sills  of  hollow  vwXdX  window 
frames  to  be  iiUed  with  noa-combustible  material  capable,  oi  .  fMev^Oflipg 
distortion.  ,  '         . 

^  (b)  Frames  to  be  set  upon  a  bed  of.  mortar  and  supported  fox  shtnas  or 
wedges  to  be  removed  after  masonry,  is  completcKl  'YoftiqaJ  membQcs  to  he 
plumb  and  true,  and  horizontal  members  level.  Frames  tO  be  secijvrely  br^^^d 
in  position  'until  held  by  the  masonry  or  other  attacbmeiKts. 

(c)  Frames,  installed  before  the  sashes  are  in  position  to  be  securely  cross 
braced  to   prevent  distortion   while  the   wall   is   being  built. 

(d)  Masonry  to  be  set  close  to  walling  in  flanges,  i weight  pocke^  or. ex- 
tending portions  of  the  window  frame,  and  waU  anchors  to  be  propierly  set 
into  the  masonry  as  the  work  progresses.  Joints  between  the  frame  and 
wall   to  he  carefully  pointed  up  on  both  sides  of  the   window. 

(e)  Arches  or  lintels  to  be  set  with  reference  to  extending  franvc  mem- 
bers and   at   least    Vi-inch   clearance   allowed  so   as   not   to   ^"^iF^r4ffo^!p"^ 
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to  loads  by  settlements.     Joints  between  frame  and  arch  or  lintel  to  be  filled 
with  mortar  and  made  tight  by  pointing. 

Note. — New  masonry  is  liable  to  settle  slightly  and  distort  the  frame  if 
proper    allowances    are   not    made    in    setting. 

(f)  Frames  set  in  old  openings  to  be  firmly  secured  to  the  wall  structure, 
first  wetting  old  masonry  to  prevent  the  rapid  absorption  of  moisture  in 
mortar.  All  joints  between  frame  and  wall  to  be  filled  with  mortar  and 
made  tight  by  pointing. 

(g)  Window  frames  to  be  thoroughly  protected  by  boxing  if  window 
opening  is  used  for  the  introduction  of  building  materials. 

(h)  Directions  for  installation  to  be  furnished  for  windows,  covering 
which  published  installation  rules  do  not  apply. 

REGULATIONS   FOR  THE  CONSTRUCTION   OF  FIRE 
WINDOWS  * 

Hollow  metallic  windows  may  be  divided  into  six  general  types,  namely: 
Sliding  Windows,  Pivoted  Windows,  Casement  Windows,  Top  Hinged  Win- 
dows,  Stationary   Windows,  and  Tilting   Windows. 

Sliding  Windows. — Sliding  windows  are  windows  having  two  sashes 
ordinarily  designed  to  slide  up  and  down.  The  motions  of  these  sashes 
may  be  independent  of  each  other  and  controlled  by  weights,  in  which  case 
the  window  is  called  a  double  hung  window,  or  one  sash  may  counterbalance 
the  other,   in   which  case  the   window  is   called   a  counterbalanced   vfindow. 

While  it  is  possible  to  design  windows  which  will  slide  horizontally,  such 
windows  are  seldom  made  and  the  term  "sliding  window"'  is,  ^ therefore, 
generally  considered  as  applying  exclusively  to  the  vertical  sliding  type. 

Pivoted  Windows. — A  pivoted  window  Is  a  window  having  one  or  more 
of  the  sashes  mounted  on  pivots  allowing  each  movable  sash  to  be  turned 
on  an  axis. 

Casement  Windows. — A  casement  window  is  a  Vindow  having  the  sashes 
attached  to  the  frame  by  hinges  at  a  vertical  edge  and  operating  in  the  same 
manner  as  a  door. 

Top  Hinobd  Windows. — A  top  hinged  window  is  a  window  having  the 
sash  attached  to  the  frame  by  hinges  at  the  upper  horizontal  edge. 

Stationary  Windows. — A  stationary  window  is  a  window  having  the  sash 
fixed  in  one  position. 

Tilting  Windows. — A  tilting  iilrindow  is  a  window  in  which  the  sashes  are 
attached  to  the  frame,  and  to  each  other  in  such  a  manner  that  a  sliding 
and  tilting  movement  of  the  sashes  is  secured. 

Twin  Windows. — ^A  twin  window  is  a  window  the  sashes  of  which  are 
mounted  side  by  side  Instead  of  vertically. 

Combination  Types. — ^Windows  which  are  combinations  of  the  above  types 
have  names  which  indicate  their  construction.'  For  instance,  a  window  having 
a  pivoted  upper  sash  and  stationary  lower  sash  Is  called  a  pivoted  tipper, 
fixed  lower  sash  window.  A  window  having  two  sashes,  both  of  which  are 
pivoted,  is  called  a  double  pivoted  window.  A  window  Slaving  a  single 
pivoted  sash  is  called  a-  single  pivoted  window.  A  window  having  a  top 
hinged  upper  sash  aUd  double  bung  lower  sash  is  usually  called  a  double 
hung  window  with  top  hinged  transom,  etc. 

Owing  to  the  fact  that  a  type  of  window  having  the  upper  sash  pivoted  and 
the  lower  sash  stationary,  is  more  generally  used  than  other  types  of  pivoted 
windows^  a  pivoted  window  is  now  generally  understood  as  being  a  two-sash 
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window  having  the  upper  sash  pivoted  and  the  lower  sash  fixed.  Windows 
having  the  upper  sash  fixed  and  the  lower  sash  ^pivoted*  are  often  spoken  of 
as   reverse  pivoted  windows. 

Framss  and  Frame  Members. — Hollow  metallic  windows  of  any  type  con- 
sist of  a  frame  and  one  sash  or  more.  Frames  formed  with  offsets  or 
shoulders  to  receive  masonry  are  called  rabbeted  frames.  Frames  not  pro- 
vided with  rabbets  are  generally  formed  with  metal  wings  or  flanges.  Flanges 
designed  to  be  built  into  the  masonry  are  called  walling-in  flanges.  The 
frames  of  all  windows  having* a  single  sash  and  the  frames  of  sliding  sash 
windows  having  two  sashes  are  composed  of  two  horizontal  members  called 
the  head  and  sill,  and  two  vertical  members  called  the  jambs. 

The  head  is  that  portion  of  the  frame  which  foi;mB  the  top,  the  lower 
surface  of  the  head  being  called  the  soffit  and  the  upper  surface  tjie  top  of 
the  member. 

The  sill  is  that  portion  of  the  frame  which  forms  the  bottom,  and  the 
upper  surface  is  called  the  tread  and  the  lower  surface  the  base. 

The  jambs  form  the  sides  of  the  frame,  the  part  in  contact  with  masonry 
being  called  the  back  of  the  jamb  and  the  part  in  contact  with  the  sash  the 
front  of  the  jamb.  Projections  on  the  front  of  the  jambs,  designed  to  limit 
the  movement  of  a  movable  sash,  are  called  stops.  Sliding  sash  windows 
are  frequently  equipped  with  stops  which  may  be  separated  from  the  jamb 
and  these  separable  'strips  are  frequently  spoken  of  as  sash  guide  strips,  the 
strip   dividing  the   two  sashes  being  frequently  called   the  ^ash  parting  bead. 

The  frame  of  a  pivoted  window  having  two  sashes  is  composed  of  the 
san-e  members  as  the  frame  of  a  sliding  sash  window  and  an  additional 
horizontal  member  which  is  called  the  transom  bar. 

The  frame  of  a  twin  window  is  composed  of  a  head  sill,  two  jambs  and  a 
vertical  division  member  which  separates  the  sashes. 

That  part  of  the  wall  structure  which  divides  windows  from  each  other  is 
called  the  mullion.  This  mullion  maV  be  an  integral  part  of  the  wall  structure 
or  may  be  built  in  with  the  window. 

Sashes  and  Sash  Members. — ^The  sash  is  that  part  of  the  window  con- 
struction which  holds  the  glass,  and  may  be  permanently  attached  to  the 
frame,  in  which  case  it  is  cabled  a  fixed  or  stationary  sash,  or  may  be  so 
constructed  that  its  position  can  be  changed,  in  which  case  it  is  called  a 
movable  sash. 

Each    sash    is  composed   of  horizontal    and   vertical    sash   members. 

The  horizontal  members  at  the   top  and  bottom  of  the  sash  are  called  the  ^ 
RAILS.      In    sliding   sash    windows    the    rails    which    join    each    other    at    the 
middle    of    the    window    when    the   sashes   are   closed,   are    called   the   meeting 
rails. 

The  vertical  members  at  the  sides  of  the  sash  are  called  the  STILES.  In 
casement  windows,  the  stiles  to  which  the  hinges  are  attached  are  called  the 
hinge  stiles,  and  the  stiles  to  which  the  locking  mechanism  is  attached  are 
called  the  lock  stiles.  When  casement  windows  are  made  in  two  parts, 
meeting  at  the  middle,  the  stiles  in  contact  with  each  other  are  called  the 
meeting  stiles. 

The  intermediate  members  separating  the  panes  of  glass  are  called  MUN- 
TINS.  If  the  muntin  is  installed  in  a  vertical  position,  it  is  called  a  vertical 
muntin.  If  it  is  installed  in  a  horizontal  position,  it  is  called  a  horizontal 
muntin.  Muntinf  which  are  so  designed  that  one  part  may  be  removed  for 
glazing  are  called  separable  type  muntins,  and  muntins  which  cannot  be 
taken   apart  for  glazing  purposes  are   called   non-separable   type   muntins. 

Note.— In  architecture,  the  word  muntin  is  used  to  designate  the  vertical 
sash  members  dividing  the  lights  from  each  other,  w^|^^t|^|iid[^^i)i@p^|i|^  mem- 
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hers  are  called  bars.  Window  manufactured  usually  term  these  members 
vertical  atid  horizontal  thiintins,  which  ternis  have  been  adopted  in  this 
guide. 

The  illtkstrations  show  the  various  members  of  a  window  and  the  names 
of  the  various  pslrts,  Fig.  37  showing  a  double  hiing  window;  Fig.  38,  a  pivoted 
window;  Fig.  39,  a  tilting  window  on  each  side  of  a  masonry  mullion.  Fig. 
40  shows  a  tWin  top  hinged  window,  the  two  sashes  being  separated  by  a 
vertical  division  member. 

Rules  Relating  to  Glazing 

AppkovED  Glass. — ^Yiaiss  to  be  an  approved  make  and  comply  with  the 
Rules  arid  '  Requircmettts  of  the  Natiorial  Board  of  Fire  Underwriters  as 
given  below: 


Double  HungWindQitf  Iretalled  m  Briok  Wall 
Fig.  37 


^a)  "To   havp  a  thickness  of  at  least   \^  inch  at  t,he  thinnest  point. 

(b)  "Wire  mesh  to  be  not  largpr  than ,  %  inph  and  wire  used  for  such 
mesh  to  be  not  smaller  than  No.  24  B.  &  S.  gauges  The  plane  of  the  wire 
mesh  to  be  practically  midway  between  the  two  surfaces  of  the  glass. 

(c)  "  Selvage  to  be  removed  from  the  glass  before  framing.** 

Bearing  of  Glass  in  Grooves.  -Actual  bearing  of  glass  in  grooves  to  be 
at   least    %    inch   at   all   points. 

As  the  maximum  depth  of  the  grooves  is  %  inch,  a  space  of  %  inch  is 
allowed  between  the  bottom  of  the  groove  and  tne  edge  of  the  glass.     Cafeful 
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glazing  h  necessary  to  prevent  one  edge  of  the  glass  from  resting  on  the 
bottom  of  the  groove,  thus  decreasing  the  bearing  surfaces  on  the  opposite 
side.      (See   Figs.   47,  48,  49.) 

FitLiNG^  OF  Grooves. — ^Glass  to  be  set  in  putty  and  all  space  between  glass 
and  metal  forming  the  sides  and  bottom  of  grooves  to  be  well  filled  with  the 
same  material.  Surface  of  putty  to  be  flush  with  the  top  of  the  groove 
and  finished  smooth. 

The  putty  joint  should  be  made  in  such  a  manner  as  to  prevent  water  from 
remaintng  in  contact  with  the  sheet  metal  and  thus  causing  corrosion. 

The  filling  of  the  space  between  the  edge  of  the  glass  and  the  bottom  of 
the  groove  with  putty  insures  the  proper  spacing  of  the  glass  in  the  grooves. 

Wallin^in  Ftongfli 
Mead 
Jamb 

—Stile 
— Stop 


- — 'Transom  Bar 
Verllcal  MvnTm 
HorJzonliil  Muntln 


— sm 


Fig.  3d 


^  Pi  vqfed  Window  before  InstaildTion. 

Fastening  of  Sash  Members  After  Glazing. — ^All  sash  members  removed 
for  glazing  purposes  to' be  Securely   fastehed  in  place  after  glaring. 

Hollow  metal  window  frames  ^pr  wire4  glass  are  designed  to  permit  reglazing 
.  by  either  one  or  the  other  of  two  methods.  In  the  first  of  these  methods, 
the  glass  is  inserted  through  the  top  rail  of  each  sash,  necessitating  the  removal 
6^  the  dlostare  jpitct  at  the  top  of  the  rail  and  the  caf>  piece  of  the  groove. 

The  second  method  is  used  when  the  window  is  of  such  a  design  as  to 
permit  the  removal  and  replacement  of  the  metal  forming  one  side  of  some 
of  tlie  grooves.  The  removable  pieces  are  generally  the  inside  parts  qi  the 
muntins,  although  in  some  makes  of  windows  the  metal  forming  the  sides 
of-  the  grooves  in  stiles-  or.  rails  may  be  removed  from  the  inside  of  the 
window.  The  removable  pieces  can  generally  be  distinguished  by  the  exposed 
heads   of  the   screws   with   which   they    arc    fastened.      See    Fig.    50   and    51. 

.Broken  .  Glass. — All  broken  glass  to  be  replaced  by  unbroken  .  lights  of 
approved  quality  and  dimensions.  Digitized  by  CjOOQIC 
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While  cracks  do  not  materially  injure  the  glass  from  a  fire  retardant  view- 
point, provided  the  wire  is  not  broken,  such  cracks  may  permit  moisture  to 
come  in  contact  with  the  reinforcement  and  affect  the  fire  retardant  properties 
of  the  glass  by  corroding  the  wire.  It  is  also  probable  that  cracked  glass  would 
soon  be  replaced  by  the  owners  of  the  building  where  the  windows  are  in- 
stalled, and  such  replacement  might  be  made  by  inexperienced  glaziers  using 
improper  methods  of  installation  or  non-standard  glass. 

Rules  Relating  to   Operation 

Proper  Installation  of  Sashes  in  Frames. — Sashes  to  be  securely  mounted 
in  frames.     Movable  sash  to  operate  easily  and  engage  the  stops  properly. 


Fig.  39 
Tilling  Windows  Separafed  by  Brick  Mulllon. 


Any  distortion  of  frame  or  sash  due  to  rough  handling  or  improper  installa- 
tion, is  liable  to  cause  binding  of  the  sashes  in  the  frames  and  prevent  easy 
operation  and  proper  registration  between  interlocking  parts.  (See  Figs.  53 
and   S3.) 

Operation  of  Hardware. — Hinges  and  pivots  to  be  so  adjusted  as  to  permit 
easy  movement  of  sashes  in .  frames. 

Pulleys  to  operate  freely  and  be  so  placed  as  to  prevent  chafing  of  chains 
or  rubbing  of  weights  against  the  metal  forming  the  weight  pockets. 

Locking  mechanism  to  be  so  placed  and  adjusted  that  the  latches  will 
engage  the  catches  securely  and  easily. 

While  it  is  desirable  that  the  latches  should  engage  the  catches  easily,  the 
fastenings  should  not  permit  excessive  movement  of  the  sa^h  after  being 
secured  in  position.  Digitized  by  CjOOgle 
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Opekatzon  of  Automatic  Devices. — Action  of  automatic  mechanism  to  be 
positive  and  reliable. 

Locking  mechanisms  designed  to  latch  automatically  should  be  so  constructed 
that  the  engagement  between  the  latches  and  catches  is  positive  when  the 
sash   closes  gently  and  when  it  closes   with   considerable   force. 

Sash  shonld  close  immediately  upon  being  released  by  the  fusing  of  the 
link,  and  the  position  of  the  link  should  be  such  as  to  insure  its  fusing  in 
the  event  of  windows^  being  subjected  to  severe  exposure  from  a  fire  outside 
the  building.  >  -  / 

It  should  not  be  possible  to  turn  the  sashes  of  pivoted  windows  to  such  a 
positioa  that  they  will  not  close  automatically. 


r-Vcrllcol  Division 


Fig.  40 
Twin  Hinged  Windows 


Suggestions  Covering  Methods  of  Inspection  to  be  Used  in 

Determining  the  Character  of  the  Installation  and 

Compliance  with  the  Rules 

It  is  desirable  that  window  installations  should  be  inspected  as  often  as 
possible  while  the  .  walls  of  the ,  building  are  in  course  of  construction,  as 
compliance  with  the  rules  relating  to  the  formation  of  masonry  around  the 
backs  of  the  jambs  cannot  be  determined  except  by  observation  at  the  time 
of  erection. 

In  inspecting  a  window  already  installed,  careful  attention  should  be  given 
to  the  character  of  the  joint  between  the  window  and  the  wall  structure. 
This  joint  should  be  made  in  such  a  manner  as  to  prevent  entrance  of 
moisture  or  passage  of  air  between  the   frame  and  masonry. 

A  straight-edge  may  be  applied  to  all  surfaces  of  the  window  in  order  to 
determine  ^ whether  or  not  settlement  of  surrpunding  masonry  had  caused 
deflection  of  the  frame  members.  Digitized  by  CjOOQIC 
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Bowing  of  frame  members  causes  binding  of  the  sash  in  the  frame  and 
often   prevents   proper  action  of  the   locking   mechanism. 

Masons  should  be  cautioned  not  to  force  bricks  against  the  window  frames, 
as  the  use  of  excessive  force  in  pressing  the  bricks  into  place  is  liable  to 
cause  distortion  of  the   window. 

The  corners  of  the  frame  may  be  tried  with  a  square  in  order  to  deter- 
mine whether  or  not  settlement  of  masonry  or  rough  handling  during  in- 
stallation has  caused  any  distortion. 

The  sides  of  the  frame  may  be  tested  with  a  plumb  level  or  line  to 
determine  whether  or  not  they  are   set  vertically  in  the  wall.     This  is  e^>e- 


Jamb  wtth  RabdeTa  oh 
Offsefs  10  receive  MasonT^ 


cially    important    in    the    case    of    double    hung    windows,    as    rubbing    of    the 
weights   would   result   from   material   misalignment   of  the   jambs. 

A  slight  variation  from  the  perpendicular  in  the  setting  of  a  window  does 
not  render  it  open  to  criticism  unless  such  variation  is  pronounced  enough 
to  interfere  with  the  movement  of  the  sash.  This  may  often  be  determined 
by   operating   the  sash. 

All  frames  of  whatever  construction  should  be  firmly  secured  to  the  wall 
structure.  In  cases  where  the  wall  structure  is  of  unusual  character,  the 
frames  arc  generally  made  with  long  flanges  which  are  designed  to  provide 
overlapping  pieces  which  may  be  fastened  to  the  wall  by  spikes  or  screws 
threaded    into   structural   iron.      Owing   to   the   many   different /i^i^iCof  wall 
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construction,  a  specific  rule  applying  to  each  type  cannot  be  formulated,  but 
no  installation  should  be  approved  unless  the  frames  are  securely  held  in 
place. 

When  windows  are  glazed  at  the  factory,  the  factory  inspection  covers  the 
glazing,  and  in  such  cases  the  label  may  be  taken  as  evidence  that  the  glazing 
is  properly  done.  The  notice  of  shipment  states  whether  or-  not  windows 
are   glazed  at   the   factory. 

Whenever  possible,  windows  should  be  inspected  while  glazing  is  in  progress, 
as  the  size  of  the  glass  used,  the  bearing  in  the  grooves  and  the  filling  of 
the   grooves  with  putty  may  be   checked  up  most  easily   at   that  time. 


Fig.  42 

Mortar  Joint 
at  Junction  of 
Jamb  and  Wall 

In  case  it  is  impracticable  to  visit  the  building  while  glazing  is  in  progress, 
the  details  regarding  the  fastening  of  sash  members,  the  make  of  glass  used 
and  damaged  glass  may  be  determined  by  an  inspection  of  the  completed 
window.  .  Other  details,  such  as  the  bearing  of  the  glass  in  the  grooves  and 
the  completeness  with  which  the  grooves  are  filled  with  putty,  may  be 
checked  by  taking  off  the  removable  parts  of  the  sash. 

It  is  well  to  require  the  submission  of  sales  sheets  showing  the  size  of 
glass  provided  for  glazing  the  windows,  as  the  dimensions  of  the  glass  furnished 
may  not  be  in  accordance  with  the  dimensions  furnished  by  the  window 
manufacturer  and  checked  up  at  factory  inspection  on  the  windows. 

The  inspector  must  use  his  own  discretion  as  to  the  percentage ,  of  windows 
in  a  building  that  it  will  be  necessary  to  inspect  in  this  msinne^^0mSber 
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depending  somewhat  upon  the  characte;r  of  the  workmanship  shown  by  the 
first  samples  inspected.  The  window  contractor  should  have  straight-edge, 
square  and  plumb  level  or  line  available  for  use  by  the  inspector. 

When  the  windows  comprising  an  installation  are  glazed  through  the  top 
rail,  the  inspebtor  should  not  attempt  to  remove  the  top  closure  piece  and 
cap  for  the  grooves,  but  should  make  an  appointment  with  the  parties  respon- 
sible for  the  glazing  in  order  that  these  removable  pieces  may  be  taken  ofiF 
and   replaced  by  them. 


V/allin^tn 
flange 


r.g^  43 
Frame  wUh  WaUmg-in  flange. 


All  movable  sashes  should  be  tested  to  determine  their  freedom  of  opera- 
tion and  the  sashes  should  be  so  set  in  the  frames  that  they  will  move 
easily  without   material   rubbing  of   parts. 

The  sash  chains  of  a  double  hung  window  should  be  securely  attached  to 
the  sashes  and  to  the  weights  in  the  jamb. 

The  screws  fastening  the  latches,  catches,  pivots,  pulleys,  etc.,  in  place 
should  be  set  tightly. 

The  meeting  rails  of  double  hung  windows  should  register  with  each  other 
in  such  a  manner  as  to  enable  the  locks  to  be  operated  without  the  use 
qf   excessive   force. 

The  latches  of  pivoted  windows  should  engage  the  catches  when  the 
windows  are  opened  and  allowed  to  fall  through  a  distance  of  6  inches,  and 
shotdd  also  engage  positively  when  the  sashes  are  opened  fully  and  allowed 
to    drop   through   their   entire   travel.  Digitized  by  CjOOQ IC 
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l^Jie  loc^i^g;  mechanism  of  a  {tivoted  window  should  not  allow  the  sash 
to   rebound  after  closing. 

Pivoted  windows  should  not  be  equipped  with  chains  of  sufficient  length 
to   retard  the   proper  action   of  the  locks. 

The  locking  mechanism  of  hinged  windows  should  be  subjected  to  the  same 
tests   as   those   of  pivoted   windows. 

Automatic  devices  used  in  connection  with  wired  glass  windows  should  be 
of  such  a  character  that  their  failure  to  operate  cannot  possibly  interfere 
with  the  working  of  the  sashes  as  manually  operated  devices.  Inspectors 
should,  therefore,  make  such  te;sts  as  appear  advisable  in  order  to  determine 


-Flange  s^ked  tobrtcJtworH 


framelnstalledm  Old  Wall  Ojjcning. 


that   chains   released   by   the   action   of  a   fusible   link  cannot   possibly   fall   to 
such  a  position  as  to  prevent  the  window  from  closing. 

Fusible  links  should  be  so  placed  that  they  will  be  on  the  weather  side 
of  the  window  when  the  sash  is  opened.  In  inspecting  windows  equipped 
with  automatic  closing  devices,  a  certain  percentage  of  the  windows  should 
be  tested  as  nearly  as  possible  under  actual  service  conditions.  This  is 
especially  desirable  in  the  case  of  pivoted  windows.  In  the  case  of  automatic 
mechanisms  attached  to  double  hung  windows,  the  inspector  before :  test 
should  assure  himself  that  the  automatic  devices  may  be  put  in  good  order 
easily,  or  should  delay  the  test  until  a  representative  of  the  window  manu- 
facturer is  present  in  order  that  the  mechanisms  may  be  put  into  working 
condition   immediately   after   the   test. 

Inspectors  should  carefully  guard  against  leaving  automatic  mechanisms 
in  an  inoperative  condition  as  a  i-esult  of  inspection,  and  it  should  not  be 
possible  to  place  a  pivoted  sash  in  an  oi^en  position  from  which  it  will  not 
close  by  gravity.  '  '  Digitized  by  t^OOglC 
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PRISM  GLASS  FRAMES  USED  AS  A  FIRE  RETARDANT^ 

Prisms,  as  installed  for,  the  purpose  of  increased  light,  are 
usually  not  contained  in  frames  which  are  designed  to  withstand 
severe  heat,  as  the  requirements  for  strength  under  the  different 
conditions  of  actual  installation  do  not  necessitate  a  frame  which 
can  be  relied  on  as  a  fire  retardant. 

The  metallic  ribbons  between  the  prisms  used  for  the  purpose 
of  light  only  are  not  heavy  enough,  are  not '  continuous  and  un- 
broken in  both  directions  and  are  not  attached  to  the  metal  border 
securely  enough  to  withstand  severe  conditions  of  heat.  The  rib- 
bons in  one  direction  are  usually  formed  of  short  pieces  slipped 


in  between  the  unbroken  ribbons  running  in  the  opposite  direction, 
and  are  held  in  position  by  solder. 

In  frames  for  this  service  the  ribbons  are  usually  of  compara- 
tively light  metal  and  are  fastened  to  the  metallic  border  by 
soldering. 

It  has  been  demonstrated  by  fire  tests  that  prism  frames  con- 
structed as  described  do  not  possess  sufiicient  fire  resisting  prop- 
erties to  warrant  consideration.  But  whe're  constructed  for  the 
purpose  of  withstanding  severe  conditions  of  heat  they  may  be 
made  of  service. 

In  all  cases  where  electro-glazed  frames  are  to  be  installed  as  a 
protection  against  fire  they  should  be  specially  constructed  for  this 
purpose  and  framed  in  as  careful  and  secure  a  manner  as  wired 
glass. 

*  Regulations  of  the   National   Board  of   Fire  Un45f|^^|ijtg;^tjjOOQlC 
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The  window  frame  and  sash  containing  the  prism  glass  frame 
to  fulfill  the  requirements  for  hollow  metallic  or  wrought  iron 
frames  for  wired  glass. 

Size.— The  dimensions  of  the  unsupported  electroglazed  panel 
not  to  exceed  50  inches  in  either  direction. 

This  will  permit  the  use  of  standard  metal  frames  for  wired  glass. 

Borders. — The  metal  border  at  the  edges  of  the  electro-glazed 
panel  to  be  of  rolled  copper  or  brass  tubing  at  least  Yz  inch  wide 
by  5^  inch  in  thickness.  The  corners  to  be  securely  fastened  to- 
getfier  by  substantial  knees  of  the  same  metal  inserted  in  the  tubing. 

Glass. — Polished  plate  or  prism  glass  units  not  to  exceed  four 
inches  in  either  direction  and  to  have  a  thickness  of  at  least  3/16 
inch. 

Ribbons. — The  ribbons  or  metal  strips  between  the  glass  units 
to  be  of  unbroken  strips  of  rolled  copper,  4/32  inch  in  thickness  and 
9/32  inch  in  width,  interlocked  at  each  intersection.  All  ends  to 
pass  entirely  through  the  borders  and  be  clinched  on  the  outer  edge. 

Electrolytic  Deposit. — All  joints  at  the  corners  of  the  border, 
at  the  fastenings  of  the  ribbons  to  the  border  and  at  the  intersec- 
tions ol  ribbons  to  be  securely  fixed  by  a  sufficient  electrolytic 
deposit  of  copper  to  form  a  rigid  framing,  and  to  retain  the  glass 
units  securely  in  place. 

The  border  to  be  retained  in  a  rabbet  or  groove  in  the  sash  at 
least  5^2  an  inch  in  depth.  In  windows  having  a  width  of  over  24 
inches  the  border  to  be  bolted  to  the  upper  rail  of  the  sash. 


SKYLIGHTS  AND  OTHER  ROOF  STRUCTURES 
^    Class  A— Skylights* 

Types. — By  the  term  skylights  as  considered  in  these  rules  is  meant  any 
opening   through    roof   of   building   for   the   admission   of   light. 

The  following  types  with  their  modifications  and  combinations,  v/hich  are 
included,  are  noted:  Flat  Skylights,  plane  or  inclined;  Peaked  Skylights; 
Cupola  Skylights;  Monitor  anc^  Lanterns;  Sawtoothed  roofs;  Raised  Sections 
of  roofs  with  vertical  sash;  Ventilating  Skylights;  Dormers,  etc.;  also  Special 
Skylights  as  over  stair,  elevator  or  dumbwaiter  shafts,  and  over  stage  por- 
tions of  theaters.  ..  ' 

Construction 

J..  GM^a. — (a)  For  all  skylights,  plane  or  ii>clined  not  over  45  degrees, 
to  be,  either  of  -standard  wired  glass  not  less  than  y^  inch  thick  or  %  inch 
thick  glass  protected  with  approved  wire  screens.  Panes  to  be  not  over  18 
or  20  inches,  wide,  and  not  to  exceed  720  square  inches  in  area. 

(b)  For  vertical  skylights  or  sash,  or  stjch  as  are  inclined  at  an  angle 
of  over  45  degrees,  may  be  wired  glass  as  noted  under  (a),  %-inch  thick 
glass, without  screens,  or  glass  not  less  than  %  inch  thi^k,  provided  the  sash 
or  skylights  are,  protected  by  suitable  screens. 

,(c)  For  vertical  skylights  or  sash,  or  such  as  arc  inclined  at  an  angle 
of  ove^*  45  degreies,  when  exposed  in  such  a  manner  that  the  wall  openings 
in  buildings  ,  would  require  standard  6re  shutters-  or  standard  wired  -glass 
(or  doors)    against  such  exposures,   standard   wired  glass   only  must  be  used. 

(d)  For    skylights .   over    fireproofed    stair,    elevator,     dumb;waiter,    air    or 
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similar  shafts   not  over   %   inch   glass,  either  on  top   or  at  ^  sides  qf  cupola 
skylight,   if   surmounted   by   that  type,   protected  by   suitable  screens, 

(e)  For  skylights  over  stage  sections  of  theaters  not  over  %  Inch  glass, 
protected  by  suitable  screens. 

Note. — Substitutes  for  glass  such  as  wire  cloth  with  a  coating  of  trans- 
lucent,   combustible   substance   or   similar   material   are   not   approved. 

3.  Sash. — (a)  Materials. — Sash  to  be  constructed  entirely  of  metal,  either 
galvanized  iron,   wrought  iron  or  angle   iron. 

(b)  Construction. — ^To  be  constructed  with  interlocking  seams  or  rivets  in 
accordance  with,  the  rules  and  requirements  of  the  National  Board  of  Fire 
Underwriters  for  wired  glass  windows. 

(c)  Glazing. — Glass   to   be   secured   to   the   sash   by   means   of   metal  strips 


held  in  position  by  bolts  or  screws  in  such  a  manner  as  to  form  joints  suf- 
ficiently elastic  to  allow  for  proper  expansion  and  contraction,  and  to  be 
weather  proof. 

3.  Frames.— ^Frames  for  'low  flat  or  small  cupola  skylights  to  be  entirely 
of "  galvanized  iron  secured  tb  angle  irons,  all  properly  riveted  together  and 
securely  fastened  to  roof.     All  joints  to  be  tight  and  weather  proof. 

4.  Curbs  for  Skylights. — (a)  If  on  buildings  of  fireproof  •  construction, 
to  be  constructed  of  approved  fire-proof  materials  reinforced  with  angle  iron 
properly   protected  by  approved  fire-proof  material. 

(b)  If  on  buildings  of  slow-burning  construction,  may  be  either  (i)  of  not 
less  than  4  x  4-inch  framework,  filled  in  with  brick,  terra  cotta,  cement  or 
other  approved  fire-proof  materials,  tin-clad  on  the  outside;  (2)  double 
boarded,  tongued'  and  grooved,  boards  at  right  angles  to  each  other,  tin-clad 
on  the  outside;  (3)  of  not  less  than  2%-inch  tongued  and  gi'ooved,  or  splined 
plank,   tin-clad   on  the   outside. 

(c)  On  all  other  buildings,  if  not  in  accordance  with. the  foregoing,  to  be 
thoroughly   tin-clad   on   the  .  outside* 
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(d)  Cwte  initsft  be  secnrely  fastened  to  framework  of  roof,  and  when  on 
roofs  of  joisted  cMistruction  must  he  supported  on  doubled  joists. 

5.  Monitor  or  Lantern  Skylights. — (a)  Construction. — ^To  conform  in 
general  witli  roof  construction  of  buildings  of  which  they  form  a  part,  and 
as  specifically  noted  under  Curbs»  section  4,  class  A. 

(b>  Sash. — ^To  conform  in  all  particulars  to  sections  i  and  2,  class  A. 

<c)  Frames. — (i)  If  for  skylights  on  tops  of  monitors  or  lanterns  to  con- 
form with  section  i),  class  A.  (2)  If  in  sides  of  monitors  or  lanterns  of 
fire-proof  .construction  to  be  constructed  in  accordance  with  the  requirements 
for  Wired  Glass  Windows,  page  244.    (3)   For  all  monitors  or  lanterns  where 


Fig.  47 

Sccttonof  Rails  showing Prot^cr^ImproperGlazing 

woodwork  Is  permtssfble,  see  under  (a>»  this  section,  the  frames,  if  of  wood, 
ntust  be  thoroughly  protected  by  galvanized  iron,  including  the  rabbets,  if 
any,  or  recessed  portions,   receiving  the  sash. 

6.  Sawtoothed  Skylights. — (a)  Construction. — To  conform  in  general 
with  roof  construction  of  buildings  of  which  they  form  a  part,  and  as 
specifically   noted   tender   Curbs,   section   4,   class  A. 

(b)   Sash. — ^To  conform  in  all  particulars  with  sections  i   and  2,  class  A. 

Note. — ^Usually  this  type  of  skylight  is  one  continuous  frame.  The 
muntins  or  rails  must  conform  in  manner  of  construction  and  securing  to  the 
requirements  of  the  National  Board  of  Fire  Underwriters  for  ^he  construction 
of  frames  for  wired  glass.  Any  deviations  of,  this  arrangement  will  be 
governed  by  the  rules  or  requirements  of  the  types  or  kinds  under  which 
they   may  come.  Digitized  by  VjOOQ IC 
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7.  Vertical  Sash  Under  Raised-  Sections  o»  Roofs. — This  Idclndes  also 
a  row  of  sash  or  sections  of  wall* entirely  of  glass,  above  the  wall  proper 
and  ■  underneath  the  roof. 

Must  conform  in  general  w^ith  the  rules  and  requirements  noted  under 
sections  5  and  6,  class  A,  in  so  far  as  these  apply. 

8.  Ventilating  Skylights  or  Sktlight  SAs^.-^Frequently  portions  of 
skylights  (sometimes  the  entire  sash)  are  arranged  that-  they  may  be  opened 
for  purposes  of  ventilation;  if  top  sash  are  so  arranged  they  are •  generally 
hinged  at  the  highest  point,  while  side  sash  are  hinged  either  at  the  top, 
or  near  the  center  line, .  turning  either  on.  a  horizontal  or  vertical  axis.  Sash 
hung  at  the  top  are  usually  secured  by  hinges,  those  hung  near  the  central 
line   by   trunnions   or   pivots.. 

(a)  Hinged   and   Pivoted   Sash. — ^To  be  provided  with  hardware,  and  hung 


Sections  Of  Stiles  and  Muntins  Showing  ImproijptT  and 
Pro|3er  Glazing. 

and  arranged  in  such '  a  manner  as  to  conform  to  the   requii-ements  for  the 
construction    of    frame?   for   wired   glass. 

(b)  Protection. — All  ventilating  skylights  or  skylight  sash  must  be  pro- 
tected by  wire  cloth  screens  as  specified,  in  such  a  manner  that  the  screen 
will  allow  full  freedom  of  operation.  In  no  case  must  the  operation  of  the 
sash  require  the  removal  of  the  screen  or  any  portion  of  same.  The  screens 
should  be  entirely  independent  of  this  type  of  skylights  or  sash  and  shall  be 
of  ample  size  to  completely  protect  the  opening, 

9.  Windows  in  Roof  Structures. — All  window-  openings  in  roof  stnic- 
tures,  such  as  shafts  extending  above  roofs,  pent  houses,  high  curbs,  ends 
of  sawtoothed  or  monitor  or  lantern  sklights,  etc.,  mudt  conform  td  sections 
I,  a  and  s,  class  A,  in  so  far  as  these  apply.- 

10.  Dormer  Windows. — (a)  Construction. — To  conform  in,  general  with 
roof  construction  of  buildings  of  which  they  form  a  part,  and  as  specifically 
noted  under  Curbs,  section  4,  class"  A. 

(b)  Sash  , and  Frames. — To  conform  in. all  particulars  to  sectipi^s  i  and  2 
and  section  5,  class  A,  respectively,  in  so  far  as  thesfftizapp^^^^jOOQlC 
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II.  Skylights  on  Stair,  Elevatok,  DuIibwaiter,  Light,  Air  and  similar 
shafts,  if  of  fire-proof  construction  and  cut  off  at  floors. 

(a)  Construction.-^— To  be  constructed  with  metal  frames  and  sash  in  ac- 
cordance with  sections  3  and  2,  class  A. 

(b)  Glazing. — ^Top  sash  of  cupola  skylights,  if  any,  to  be  glazed  with  wired 
(?Iass,  or  %  inch  thick  glass  protected,  see  section  i,  class  A,  sides  should  be 
glazed  with  glass  not  over  %  inch  thick;  plane  skylights  to  be  glazed  with 
glass  not  over  %  inch  thick;  protected  by  suitable  wire  screens.  Glazing  to 
be    done  in  accordance  with  section  2,  class  A. 


Fig.  49 
Prof)er  and  Improfwr  Or  lazing. 


(c)  Ventilation. — Where  ridge  ventilators,  or  louvers  in  ends  or  sides  ot 
such  skjrlights  are  provided,  these  must  be  protected  by  suitable  wire  cloth 
screens,  properly  secured. 

12.  Theater  Stage  Skylights. — (a)  Construction. — Curb  or  frame,  and 
sash  to  be  constructed  in  accordance  with  the  rules  and  requirements  of  sec- 
tions 2,  3  and  4,  class  A. 

(b)  Glazing. — To  be  glazed  with  glass  not  over  %  inch  thicks  in  accordance 
with  section^  2,  class  A,  each  pane  measuring  not  less  than  300  square  inches. 

(c)  Operating. — Sash  to  be  in  two  movable  sections,  so  arranged  as  to  be 
opened  readily  by  the  action  of  heat  from  below  on  a  fusible  link  or  series 
of  links;  or  similar  device,  which  upon  parting  wil)  allow  the  sash  to  open 
automatically,  and  also  by  means  of  the  cutting  of  a  hempen  cord,  extending 
to  the  stage  floor  and  within  reach  of  fly  gallery.  Digitized  by  CjOOQ IC 
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(d)  Types.— Two  types  of  skylfghts   for  this  purpose  arc  suggested. 

(i)  Two  counterbalanced  sash,  hinged  to  the  outer  edges  of  the  curbing 
or  frame,  which  should  be  slightly  hip  shaped,  the  upper  edges  coming  together 
when  the  sash  are  closed,  and  arranged  in  such  a  manned"  that  one  is  provided 
with  an  overhanging  lip  or  batten  to  keep  out  the  weather.  Each  sash  to 
have  extension  rods  or  bars  at  the  lower  <hinged)  edge,  projecting  beyond 
the  curb  for  a  distance  not  less  than  the  width  of  the  sash,  to  which  bars 
should  be  securely  attached  a  weight  not"  less  than  50  per  cent  heavier  than 
the  weight  of  the  sash.  Hinges  to  be  of  heavy  brass,  bolted  to  the  sash 
and  curb  or  frame,  and  set  well  back  from  the  edges  of  the  frame. 


Fig.  50 

licThod  ofTmeYringGlas8ThroughTof>Rail. 

(2)  Two  rolling  sash,  fitted  with  brass  wheels  not  less  than  2^  inches  in 
diameter,  set  inside  of  outer  edge  of  sash  for  a  distance  of  not  leas  than 
2  inches,  well  secured  to  sash.  The  wheels  to  roll  on  brass  tracks  properly 
secured  to  the  curb  or  frame  and  rails  extending  beyond  same  on  either  side 
to  roof.  Curb  or  frame  to  be  hip  shaped,  the  slopes  to  be  such  that  the 
sash  shall  be  inclined  at  not  less  than,  an  angle  of  30  degrees. 

The  height  of  the  curb  or  frame  shall  be  such  that  the  lowest  portion  of 
the  tracks  on  which  the  sash  slide,  shall  not  be  less  than  12  inches  above 
the  roof. 

(e)  Protection, — Either  type  of  skylight  for  this  purpose  shall  be  protected 
by  suitable  steel  wire  c)oth,  properly  secured  in  such  a  manner  as  not  to 
interfere  with  the  operation  of  the  sash  and  of  sufficient  size  to  cover  the 
entire  opening  properly,  as  well  as  to  protect  the[3^^g|^  |^l(e^iQp090|^ 
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Protection 

All  skylights,  except  those  glazed  with  wired  glass,  or  glass  }^  inch  thick 
or  over,  when  inclined  at  an  angle  of  over  45  degrees  or  vertical  (unless 
exposed  as  noted  under  section  i,  rule  c,  class  A)  should  be  protected  by 
wire  screens  of  galvanized  steel   wire   cloth. 

13.  Wire  Cloth. — (a)  Kind. — All  wire  cloth  shall  be  woven  (not  twisted) 
of    steel    wire,    galvanized    after   weaving.  *" 

(b)  Sizes. — (1)  For  plane  skylights,  or  skylights^  inclined  at  an  angle  of 
45  degrees  or  less  (unless  glazed  with  wired  glass),  cloth  of  not  lighter 
than    No.    12   wire   and   not   over    i-inch  mesh   shall  be  used. 

(2)   For  vertical  skylights  or  sash,  or  such  as  are  inclined  at  an  ■  angle  of 


over  45  degrees,  with  wired  glass  or  glass  not  less  than  ^  inch  thick,  unless 
exposed  (see  class  A,  rule  1,  section  c),  cloth  of  not  lighter  than  No.  12 
wire    and   not   over    i-inch   mesh   shall    be   used. 

(3)  For  all  ventilating  skylights,  or  hinged  or  pivoted  or  sliding  sash,  care 
must  be  taken  that  opening  is  thoroughly  protected  against  the  ingress  of 
sparks. 

14.  Securing  Wire  Cloth. — All  wire  cloth  shall  be  securely  fastened  to 
frames  by  means  of  galvanized  iron  wire  or  by  means  of  special  metal  strips 
and  rivets,  bolts  or  screws. 

15.  Frames. — (a)  Materials. — Frames  for  wire  cloth  screens  shall  be  con- 
structed of  iron  rods,  pipes  or  angles  as  follows:     (i)   For  screens i^l^l^er 
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3  feet  in  any  direction,  %-inch  rods,  %->inch  pipe  or  %-lnch  angles.  (2)  For 
screens  over  3  feet  and  under  4  feet  in  any  direction,  ^-inch  rods,  %-inch 
pipe  or  %-inch  angles.  (3)  For  screens  over  4  feet  and  under  6  feet  in 
any  direction,  %-inch  rods,  %-inch  pipe  or  i-inch  angles.  (4)  For  screens 
over  6  feet  and  under  10  feet  in  any  direction,  i-inch  rods,  i %-inch  pipes 
or  I  ^-inch .  angles,  (s)  For  screens  of  larger  sizes,  proportionately  larger 
sized  materials  shall  be  used,   in  which  case  angles  are  to  be  preferred. 

(b)   Reinforcing. — Where   dimensions  exceed   3   feet  in   any  direction,   cross 
bars,  placed  not  over  3  fe^t  apart,  or  over  3  feet  distant  from  outer  bars,  shall 


I 


Binding  of  Sash  In  Fr&me  Caused  byDjatorlion  of  Jambs. 


be  provided  for  reinforcing  the  frames.  These  reinforcing  bars  shall  con- 
form in  size  to  the  rods,  pipes  or  angles  under  (a),  this  section,  increasing 
in  size  as   noted   according  to  span. 

(c)  Supports. — Upright  supports,  to  correspond  with  materials  specified 
under  (a),  this  section,  and  at  end  of  each  reinforcing  member,  and  to  be 
not  less  in  size  than  the  bars  supported. 

(d)  Braces. — All  enclosing  frames  over  3  feet  high  and  more  than  6  feet 
in  length  shall  have  braces  extending  from  the  upper  angles  to  the  base 
line,  one  in  each  corner  of  each  side. 

(e)  Construction. — The   frames  should   be  strongly  assembled. 

(i)  If  constructed  of  rods  these  should  be  welded  together,  or  threaded 
and  securely  joined  by  threaded  malleable  iron  fittings,  and  upright  members 
shall    be   properly   shaped    at   lower   ends    to   permit    fastening   by   means   of 
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screws;  or  if  size  permits,  to  be  threaded  and  provided  with  threaded  malleable 
iron  base  or  foot  plates  drilled  for  three  bolts  or  screws  each. 

(2)  Jf  constructed  of  pipes,  these  should  be  threaded  and  secured  by 
means  of  threaded  ms^leable  iron  fittings,  and  upright  menibers  shall  be 
threaded  and  provided  with  threaded  malleable  iron  base  or  foot  plates,  drilled 
for  three  bolts  or  screws  each* 

(3)  If  constructed  of  angle  irons  these  should  be  welded  together  or  fastened 
at  '  the  corners  by  fillet  an^es  securely  riveted  in  place.  Upright  members 
shall  be  shaped  at  base  to  permit  fasteninfg  by  at  least  four  screws  or  bolts 
each. 


Improber  ETigajemcnr  of  rteenng  Rails 
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(f)  Securing  Frames. — All  frames  for  screens  to  be  secured  to  roofs  or 
frames  of  permanent  skylights,  monitors,  lanterns,  etc.,  by  means  of  lag 
screws   or   bolts. 

16,  Distance  of  Screens  from  Skylights,  etc.,  to  be  Protected. — (a)  All 
screens  shall  be  placed  6  inches  or  over  above  skylights  to  be  protected,  and 
shall  projefct  the  same  distance  beyond  edges  of  skylights  as  raised  above  them. 

'  (b)  All    Screens    used    for    prptecting    side    lights    shall    be    placed    not    less 
than  6  inches  from  lights  or  openings  so  protected. 

17.  Raised  ,  Sjcylights. — Screens  for  raised  skylights  having  top  and  side 
sash  contiguous  shall  have  the  frames  on  top  secured  to  those  on  the  sides 
as  noted  tJWder  (e),  section  15,  and  wire  cloth  shall  cover  the  entire  frame- 
work  and   come   within.  6   inches  of  roof.  Digitized  by GOOglC 


43^  Fire  Prevention  and  Protection 

1 8.  Vbrtigai.  ok  Sawtoothkd  Skyugkts  or  Sash,  or  tkosb  Imgunbs  at 
AN  Angl£  of  Over  45  Degrees. — Screens  for  vertical  or  sawtoothed  skylights 
or  sash,  or  those  inclined  at  an  angle  of  over  45  degrees,  shall  be  turned 
in  at  the  top  and  sides  in  such  a  manner  as  to  exclude  embers  or  sparks 
from  space  between  the  Screens  and  glass. 

19.  Removable  Screens. — Where  for  any  purpose  it  becomes  necessary  that 
screens  or  portions  of  screens  used  in  protecting  side  lights  must  be  remov- 
able, these  screens  or  portions  of  screens  shall  be  framed  as  specified  under 
section  15,  and  similarly  constructed  frames  placed  aroumd  such  openittgs. 
Such  screens  or  sections  of  screens  shall  be  secured  to  the  permanent  frame 
by  means  of  riveted  wrought  iron  hinges  and  be  provided  with  strong  wrought 
iron  latches,  bolts  or  hooks. 

Class  B — ^Ventilators 

Types. — By  ventilators,  as  considered  in  these  rules,  are  meant  all  struc- 
tures designed  for  the  emission  of  air,  gases  or  vapors  from  the  building, 
separate  rooms  or  compartments,  and  include  louver  openings  as  well  as 
ridge  ventilators  on  tops  of  skylights. 

20.  Materials. — ^To  be  constructed  entirely  of  galvanized  iron  at  least  No. 
24  gauge,  copper  at  least  No.  20  gauge,  or  of  other  ai^roved  fire-xesistiTe 
materials. 

21.  Construction  and  Protection  of  Ventilators. — (a)  If  flues,  either 
extending  through  roofs  or  sides  of  buildings,  these  should  be  provided 
either  (i)  with  (^owls  or  hoods  projecting  the  same  distance  beyond  outer 
edge  of  flue  that  they  are  raised  above  same,  but  in  no  instance  less  than 
3  inches,  and  opening  must  be  protected  with  a  screen  of  galvanized  steel 
wire  cloth,  of  not  less  than  No.  16  wire  or  more  than  No.  3  (i^^  inch)  mesh, 
properly  secured  and  completely  covering  the  opening;  or  (2)  edges  of  cowls 
may  be  carried  beyond  and  underneath  projecting  or  flanged  edges  of  the 
flues  in  such  a  manner  as  to  provide  two  turns  in  passage  of  opening;  or 
(3)   flue  may  be  bent  in  such  a  manner  as  to  form  an  inverted  U. 

(b)  Louver  ventilators,  or  ridge  ventilators,  or  louvers  in  raised  or  hip 
skylights,  shall  be  constructed  entirely  of  galvanized  iron  of  at  least  No.  24 
gauge  or  copper  at  least  20  gauge,  as  specified  under  section  3,  class  A. 
Slats  of  louvers  to  be  of  galvanized  iron  or  copper  as  specified,  properly 
reinforced^  and  riveted  to  the  frames.  All  such  ventilating  openings  shall 
be  protected  with  a  .screen  of  galvanized  steel  wire  cloth,  ^  of  not  less  than 
No.  16  wire  or  more  than  No.  3  (1/3  inch  mesh),  properly  secured  to  the 
frames  and  completely  covering  the  openings.     . 

(c)  Ventilating  Monitors  or  similar  structures,  to  conform  in  general  with 
roof  construction  of  buildings  of  which  they  form  a  part,  and  as  specifically 
noted  under  section  4,  class  A.  Louver  or  ventilating  slats  to  be  of  galvan- 
ized iron  or  copper,  as  specified,  properly  reinforced  and  riveted  to  frames. 
All  such  ventilating  openings  to  be  protected  by  galvanized  steel  wire  cloth, 
of  not  less  than  No.  16  wire  or  more  than  No..  3  (1/3  inch)  mesh,  properly 
secured  and  completely  covering  the  openings.  ' 

(d)  Frame  Ventilating  Structures,  similar  to  those  referred  to  under  a, 
b  and  c,  section  21,  class  B,  but  constructed  of  other  materials,  shall  be 
protected  by  galvanized  steel  wire  cloth  of  not  less  than  No.  16  wire  or 
more  than  No.  3  (1/3  inch)  mesh,  properly  secured  and  completely  covering 
the  opening. 

Class  C — Door  Landings,  Pent  Houses  or  Bulkheads 

22.  (a)  On  all  buildings  of  fireproof  construction  to  be  conatnieted  of  ap- 
proved fireproof  materials,  reinforced  with  angle  tr^..^£i;Qperly  protected  by 


Protection  of  Belt  Drives  433 

approved   fireproof   materials.     DOORS  to  be   standard.     WINDOWS  to   he 
of  standard  wired  glass,  in  standard  metal  frames. 

(b)  On  buildings  of  slow-burning  construction  may  be  either  (i)  of  not 
less  than  4  x  4-inch  framework,  filled  in  with  brick,  terra  cotta,  cement  or 
other  approved  fireperoof  materials,  tin-clad  on  the  outside;  (2)  double 
boarcjed,  tongued  and  grooved,  boards  at  right  angles  to  each  other,  tin-clad 
on  the  out^de;  (3)  of  not  less  than  2%-inch  tongued  and  grooved,  or  spli&ed 
plank,  tin-clad  on  the  outside.  DOORS  to  be  double  battened,  tin-clad  on 
the  outside,  with  tinning  re-turned  over  the  edges.  WINDOWS  to  be  of 
standard  wired  glass  in  standard  metal  frames  or  as  noted  under  b  and  c, 
section   i;   b,  section   13,  and  section   18,   class  A. 

(c)  On  all  other  buildings,  if  not  in  accordance  with  the  foregoing,  end 
of  frame,  to  be  thoroughly  tin-clad  on  the  outside.  DOORS  to  be  tin-clad 
on  the  outside  and  WINDOWS  protected  as  noted  under  b  and  c,  section  i; 
b,  section  13;  and  section   18,  class  A. 

Class  D— Scuttles 

23.  Construction. — (a)  If  on  buildings  of  fireproof  construction  to  be  of 
(i)  No.  12  gauge  sheet  iron  or  steel,  reinforced  by  2  x  2  x  %-inch  angle 
iron,  or  (2)  double  battened  wood,  standard  tin-clad  on  all  sides,  edges  and 
in  all  angles,  and  be  provided  with  proper  chafing  plates  where  fitting  over 
combing. 

(b)  If  on  buildings  of  sloyr-burning  construction  to  be  .as  noted  under 
(a),  this  section,  or  of  double  battened  wood,  tin-clad  on  the  outside,  the 
ginning  to   return  over  the  lower  edges. 

(c)  On  other  buildings,  if  not  in  accordance  with  the  foregoing,  to  be 
thoroughly  tin-clad  on  the  outside,  the  tinning  to  return  over  the  lower  edges. 

24.  Fastening. — ^AU  scuttles  are  to  be  fastened  by  means  of  strong  steel 
or   wrought  iron,   galvanized  hinges,  bolted  to   scuttle  and  combing  or  roof. 

25.  Stops.— All  scuttles  to  be  provided  with  suitable  stops,  consisting  prefer- 
ably of  a  strong  chain,  bolted  to  scuttle  and  combing,  allowing  the  scuttle 
to    open   slightly   beyond   a   vertical  position. 

26.  Ladders. — Permanent  ladders  should  be  provided,  giving  access  to 
scuttles. 

Class  £--Open  Air  or  Light  Shafts 

27.  Lights. — ^All  lights  at  bottoms  of  open  shafts  or  wells,  if  not  of  thick 
glass  prisms  set  in  substantial  cast-iron  frames,  shall  be  in  accordance  with 
sections  i,  2,  3  (or  4),  13  (provided  wired  glass  not  less  than  1/3  inch  thick 
and  no  wire  cloth  of  less  than  No.  '12  wire  or  over  i-inch  mesh  be  used), 
14,  15  and  16,  class  A,  and  furthermore  conform  to  the  rules  governing  other 
types  of  skylights  as  noted  under  class  A  if  such  types  of  lights  are  used. 

28.  Protection  of  Shafts. — The  tops  of  all  open  shafts  shall  be  covereid 
by  galvanized  steel  wire  cloth  screens  of  not  less  than  No.  12  wire  nor 
over  i-inch  mesh,  constructed  and  secured  in  accordance  with  section  1$, 
class  A.  ,.  . 

THE  PROTECTION  OF  MAIN  BELT  DRIVES  WITH 
FIRE  RETARDANT  PARTITIONS* 

The  importance  of  safeguarding  stairways  by  placing  them  in 
towers  well  cat  off  from  the  remainder  of  the  building  and  of 'pro»- 
tecting  the  openings  made  by  elevators  through  the  floors  has  long 
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been  recognized.  Today. morci  than  formerly,  these  features  are 
taken  care  of  in  the  design  of  manufacturing  buildings,  including 
also  well  arranged  towers  for  the  main  belts  or  ropes  where  this 
method  of  driving  is  employed.  Fig.  54  shows  how  these  features 
may  be  taken  care  of  in  a  textile  mill. 

The  following  remarks  apply  more  particularly  to  the  older  manu- 
facturing buildings  and  to  those  of  more  recent  construction  where 
the  best  principles  of  design  of  stair  and  elevator  towers  and  belt 
and  ropeways  have  not  been  followed.  Neglect  to  safeguard  ver- 
tical openings  through  floors  has  resulted  in  serious  loss  of  life 
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among  occupants  of  the  building,  who  found  themselves  cut  off  from 
their  accustomed  exists  by  the  rapid  spread  of  fire  up  through  such 
unprotected  openings. 

In  mills  insured  with  the  Mutual  companies  stairs  and  elevators 
have  generally  been  well  arranged,  and  the  fire  protective  devices 
such  as  automatic  sprinkler  systems,  etc.,  have  shown  their  value 
not  only  in  reducing  the  loss  of  property  by  fire  to  a  minimum,  but 
also  it  has  been  demonstrated  that  approved  construction,  high 
standards  of  general  order  and  neatness  and  efficient  fire  protection 
works  as  well  to  safeguard  the  lives  of  operatives  employed. 

At  the  present  time  there  are  approximately  1,500,000  people  em- 
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ployed  in  the  2800  industrial  works  insured  with  the  Mutual  com- 
panies, located  in  29  states  of  the  Union  and  Canada.  Since  the 
inception  of  the  system  in  1835,  there  have  been  but. 32  deaths  caused 
directly  by  fires  in  these  properties  and  21  were  in  a  fire  in  an  un- 
sprinklered  mill  in  1876  before  sprinklers  were  in  general  use.  This 
would  indicate  that  under  present  conditions,  the  loss  of  life  would 
average  less  than  i  pe;:  year  per  1,000,000. 

Of  the  total  of  32  lives  lost,  poorly  constructed  beltways  which 
allowed  the  rapid  spread  of  smoke,  and  flame  were  to  a  large  extent 
responsible  for  the  deaths  of  25  persons.    The  need  of  safeguarding 
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the  vertical  openings  through  floors  around  the  main  driving  belts 
had  been  less  fully  appreciated.  Conditions  at  these  drives  were 
aggravated  moreover,  because  it  was  the  general  custom  to  enclose 
the  belts  with  boxes  of  wood,  which  in  some  cases  were  about  head 
high  and  in  others  extended  to  the  ceiling.  The  boxes  tended  to 
become  oil  spaked  and  to  accumulate  lintu  A  fire  once  starting  at  or 
near  them  would  rapidly  make  headway,  being  carried  by  the  natur>al 
draft  up  through  the  mill.  Such  a  fire  would  also  be  more  or  less 
sheltered  from  the  action  of  the  sprinklers  in  the  rqom. 

The  recurrence  of  several  large  property  losses  from  this  source 
led  to  consideration  of  this  matter  and  measures  were  taken  which 
have  to  a  great  extent  eliminated  the  open  beltway  hazard  from 
Mutual  risks.    In  the  experience  of  these  companie^etheW^^gbien 
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about  20  fires  occurring  in  the  vicinity  of  main  drives  in  which  the 
open  behway  was  an  important  factor  in  the  spread  of  the  fire. 
These  20  fires  resulted  in  a  total  loss  of  $2,721,635,  an  average  of 
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$136,082  per  fire.    Some  of  the  larger  of  these  losses  occurred  in  the 
day^  before  sprinkler  protection  was  as  complete  as  now,  but  the 
statistics  showed  that  even  with  complete  protection  the  open  belt- 
way  was  a  serious  hazard. 
The  last  bad  fire  from  this  source  occurred  Septembe!gi$,  1907, 
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at  a  cotfon  manufacturing  establishment  in  Fall  River.  This  is  a 
stone  mill,  339  ft.  long,  74  ft.  wide  and  five  stories  and  basement  in 
height  with  a  4- story  wing,  94  ft.  long  and  65  ft.  wide,  projecting 
from  the  rear  at  the  center  of  the  mill.  The  engine  room  was 
located  in  the  fir^  story  of  this  wing.  The  belts  were  boxed  witl^ 
wood  and  most  of  these  were  cut  off  head  high  in  the  several  stories. 
Fig-  55  shows  the  general  arrangement  of  the  drive. 

Sunday  forenoon  a  bearing  in  the  beltway  just  above  the  fly-y^heel 
was  being  repaired.  While  the  man  doing  the  work'  stated  that  he 
had  no  knowledge  of  anything  that  could  cause  the  fire,  it  is  prob- 
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able  that  its  origin  was  connected  with  his  work.  After  completing 
the  job  he  left  the  locality.  On  returning  10  minutes  later,  he  saw 
fire  just  below  where  he  had  been  at  work,  and  gave  the  alarm. 

The  fire  ^passed  up  through  the  wooden  belt  boxing  into  all  stories 
as  far  as  the  fourth  floor  where  the  drive  terminated.  The  mill 
filled  with  heat  and  smoke  so  rapidly  that  in  5  minutes  no  one 
could  enter  the  rooms.  This  was  m  spite  of  650  sprinklers  which 
opened,  but  in  justice  to  the  sprinkler  equipment,  it  should  be 
stated  that  the  water  pressure  at  this  mill  was  weak.  A  section 
about  50  ft.  wide  was  badly  burned  on  each  side  of  the  main  drive 
up  through  the  mill. 

After  this  fire  plans  were  worked  out  to  enclose  the  main  drives 
with  partitions  of  a  fire  retardant  character,  so  as  to  approximate 
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Fig.    58. — Harness    Room,    Second    Story,  Directly     Over    Flywheel, 
Protection  of   Belts  Leaving  Wheel 


Showing 
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the  standard  belt  tower  with  brick  walls,  such  as  are  found  m  ittar^y 
mills  of  modern  design. 

The  limitations  of  cost,  available  space,  etc.,  which  prevail  in 
many  places  where  the  belt  tower  is  not  a  part  of  the  original  desigti, 
make  necessary  special  construction  such  as  was  adopted  in  this  casfc, 
and  has  been  successfully  used  in  many  others  of  the  older  mills. ' 

The  plan  provided  for  inclosing  the  main  drives  with  partitions 
of  expanded  metal  and  cement  construction  from  2  in.  to  2j/^  iti. 
thick  depending  on  the  story  heights.  A  framework  is  constructed 
of  expanded  metal  wired  to  i  in.  or  1^4  in-  channel  irort  studs 
spaced  12  in.  apart,  and  secured  to  the  floor  and  ceiling.  Longi- 
tudinal stiffeners  of  the  same  material  as  the  studs  are  used.  Whete 
liecfessary,  as  in  the  case  of  a  continuous  partition  of  more  than  io 
ft.,  additional  stiffness  is  secured  by  providing  25^  in.  tee-bar  up- 
riprhts.  On  the  frame  so  constructed  Portland  cement  mortar  ts 
applied  by  plastering  to  make  a  solid  partition,  all  of  the  Iton  frame 
being  embedded  in  the  cement  with  the  exception  of  the  door  jambs. 
These  partitions,  being  comparatively  light  in  weight^^  could  be  set 
up  anywhere  on  the  heavy  mill  floors  without  the  necessity  of 
strengthening  them,  although  where  possible  it  was  arranged  to 
have  the  partitions  come  over  the  beams.  Although  this  form  of 
construction  for  partitions  has  been  largely  used  and  with  satis- 
faction, it  would  be  possible  of  course  to  employ  some  of  the 
special  forms  of  studding  now  on  the  market  which  combine  the 
Studs  and  lathing  in  one  sheet  of  metal.  Details  of  the  construc- 
tion used  are  shown  in  Fig.  56. 

,  While  in  general  the  enclosures  occupy  only  the  floor  space  neces- 
sary for  the, main  belts,  it  was  endeavored  to  have  them  as  roomy 
as  conditions  of  machinery  installation  would  permit,  in  order  to 
facilitate  inspection  and  repairs  to  the  main  belts.  Provision  was 
made  for  taking  down  the  lineshafting  without  disturbing  the  body 
of  the  partitions,  usually  by  placing  the  fire  doors  which  gave  access 
to  the  enclosure  under  the  lineshaft,  and  providing  removable  wood 
tin-clad  panels  constructed  like  fire  doors  above  the  latter.  The 
main  bearings  were  generally  left  outside  the  enclosures  and  to 
accomplish  this  the  panels  in  front  of  the  pulleys  were  sometimes 
recessed. 

It  was  also  the  endeavor  to  arrange  these  enclosures  so  that  they 
^ould  be  as  well  lighted  as  possible  by  including  in  them  windows 
in  the  side  wall  of  the  building  or  providing  wired  glass  windows  in 
metal  frames  to  admit  light  to  the  beltway  from  the  room.  Fig.  57 
ihows  diagrammatically  the  completed  work  at  the  Fall  River  mill, 
and  Figs.  58,  59,  60  and  61  are  photographs  of  belt  enclosures  in 
diflFerent  stories.    The  adaptability  of  the  constructioi^  WQ^d^l^ed 
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Fig.  6o. — Card  Room,  Third  Story.     Ends  Sloped  to  Economize  Space.     Note 
Wire  Glass  Window  and  Fire  Door  with  Removable  Panels  Above 


Fig.  6i. — Card  Room,  Third  Story.     End  View  of  Belt  Enclosure.     Bearings 
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in  the  sloping  sides  and  offsets  which  it  was  necessary  to  make  in 
many  cases  on  account  of  crowded  conditions  in  the  vicinity  of  the 
main  belts. 

While  there  is  no  claim  that  these  partitions  are  as  efficient  in 
withstanding  the  action  of  a  severe  fire  as  a  brick  wall  would  be, 
they  are  undoubtedly  effective  in  preventing  ike  dangerous  draft  up 
through  an  open  beltway.  In  an  actual  fire  in  one  of  the  mills 
where  this  construction  was  installed  these  enclosures  were  success- 
ful in  confining  th^  fire  to  narrow  limits,  and  undoubtedly  prevented 
a  very  serious  loss. 
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WOODEN  BEAMS  AND  COLUMNS 

The  following  text  and  tables  relating  to  wooden  beams  and 
columns  are  reprinted  by  permission,  from  "  Cambria  Steel,"  a 
handbook  of  information  relating  to  structural  steel,  prepared  and 
compiled  by  George  E.  Thackray,  C.  5^.,  structural  engineer,  Cam- 
bria Steel  Company. 

The  results  of  a  series  of  studies  of  wooden  beams  and  columns 
of  various  kinds  of  American  timber  are  contained  in  the  Proceed- 
ings of  the  Fifth  Annual  Convention  of  ,the  Association  of  Railway 
Superintendents  of  Bridges  and  Buildings,  October,  1895,  at  which 
the  Committee  on  Strength  of  Bridge  and  Trestle  Timbers  pre- 
sented a  report,  portions  of  which  have  been  used  in  preparing  cer- 
tain of  the  tables  on  the  following  pages,  but  as^  noted  thereon  the 
arrangement  and  values  in  many  cases  have  been  modified  by  later 
information  from  various  sources. 

The  publications  of  the  Forestry  EHvision  of  the  United  States 
Department  of  Agriculture,  Bulletins  Nos.  8  and  12,  and  Circular 
No.  15,  contain  reports  of  tests. of  American  woods,  and  deductions 
drawn  therefrom.  Extracts  and  tables  from  these  reports  are  given 
on  the  following  pages. 

The  tables  of  safe  loads  for  wooden  beams  and  table  of  strength 
of  wooden  columns,  given  on  the  following  pages,  have  been  spe- 
cially calculated  for  this  book,  using  the  information  regarding  the 
properties  of  the  various  species  contained  in  the  reports  above 
referred  to,  as  modified  in  some  cases  by  later  data. 

Explanation  of  the  Tables  of  Safe  Loads  in  Pounds,  Uni- 
formly Distributed  for  Rectangular  Wooden  Beams  One  Inch 
Thick,  Pages  450  io  455  Inclusive. — Geneltal. — For  convenience 
in  use,  three  of  these  tables  have  been  prepared,  from  which  the 
safe  loads  of  the  various  species  can  be  obtained,  either  directly 
or  by  proportion  as  stated  in  the  footnotes. 

The  values  given  in  the  tables  are  the  safe  loads  in  pounds  uni- 
formly distributed,  including  the  weight  of  the  beam  itself,  for 
•rectangular  beams  one  inch  thick  for  spans  from  four  to  forty  feet 
and  for  depths  from  four  to  twenty-four  inches.  The  safe  load  for 
a  beam  of  any  thickness  may  be  found  by  multiplying  the  values 
given  in  the  tables  by  the  thickness  of  the  beam  in  inches. 

The  last  column  of  each  of  the  three  Tables  of  Safe  Loads  for 
Rectangular   Wooden   Beams  gives   a   coefficient  of  deflection,   by 
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meahs  of  which  the  deflection  for  any  beam  may  be  obtained,  cor- 
responding to  the  given  span  and  safe  load,  by  dividing  the  coefii- 
cient  by  the  depth  of  the  beam  in  inches,  which  will  give  approxi- 
mately the  deflection  in  inches  under  the  given  condi^ons. 

In  each  table  the  deflection  coefficient  is  given  for  only  one 
species  of  wood,  as  shown,  but  the  deflections  for  other  species  may 
be  obtained  from  these  by  proportion  as  explained  hereafter. 

For  the  reason  that  wood  has  no  well-defined  limit  or  modiilus 
of  elasticity  the  deflections  obtained  by  the  use  of  the  coefficients 
are  only  approximate  and  will  vary,  according  to  the  moisture  coh- 
tent  of  the  wood  and  the  character  of  the  loading.  The  deflections 
thus  obtained  are,  therefore,  useful  only  as  a  general  indication  of 
the  amount  of  bending  to  be  expected  under  the  given  conditions 
and  are  not  exact  as  in  the  case  of  materials  like  steel  which  has 
a  well-defined  limit  and  modulus  of  elasticity. 

The  safe  loads  for  other  species  of  woods  than  those  stated  in 
the  headings  of  the  tables  .may  be  obtained  from  those  given,  by 
direct  proportion,  dependent  upon  the  ratio  of  their  allowable  unit 
stress  as  compared  with  that  for  which  the  table  is  figured,  as  stated 
in  the  footnotes  at  the  bottom  of  the  tables. 

E«xplanation  of  the  Table  of  Safe  LfOads  for  Rectangular 
Beams  of  White  Pine,  Cedar,  Spruce  or  Ekuatem  Fir.— The  values 
for  the  various  species  of  woods,  which  are  included  in  this  table, 
are  calculated  for  an  allowable  fibre  stress,  for  flexure,  of  700 
pounds  per  square  inch. 

The  deflection  coefficients  are  given  for  white  pine,  and  are  based 
upon  a  modulus  of  elasticity  of  1,000,000  pounds  per  square  inch. 

The  lower  dotted  line  crossing  the  table  indicates  the  limits  of 
spans  for  which  the  deflection  will  exceed  1-360  of  the  span  for  the 
kind  of  wood  for  which  the  deflection  coefficient  is  given.  For 
spans  below  the  line  the  safe  loads  given  in  the  tables  will  produce 
a  deflection  greater  than  1-360  of  the  span,  while  those  above  the 
line  will  produce  less  than  this,  which  is  the  usual  limit  of  deflec- 
tion, in  order  to  prevent  cracking  of  plastered  ceilings.  Similarly, 
the  upper  dotted  line  indicates  the  limit  of  deflection  for  the  kind 
of  wood  for  which  the  deflection  coefficients  is  given,  corresponding 
to  a  modulus  of  elasticity  of  500,000  pounds  per  square  inch,  which 
should  be  considered  in  cases  where  the 'deflection  should  be  more 
closely  Hmited. 

The  coefficients  of  deflection  for  Cedar  corresponding  to  moduli 
of  700,000  and  350,000  may  be  obtained  by  multiplying  those  of  the 
table  by  10-7  and  20*7  respectively,  and  Spruce  and  Eastern  Fir 
corresponding  to  moduli  of  1,200,000  and  600,000  by  m»ltiplying 
those  of  the  table  by  5t6  and  5-3  respectively.    Digitized  by  GoOglC 
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The  full  zig-zag  line  in  the  table  gives  the  limits  of  the  safe  loads 
corresponding  to  the  allowable  shearing  stress  along  the  neutral 
axis  of  the  beam.  The  safe  loads  above  the  line,  which  are  based 
upon  the  extreme  fibre  strains,  will  produce  shearing  stresses  along 
the  axis  or  with  the  grain  in  excess  of  that  allowable,  which,  in  the 
case  of  White  Pine  anct  the  other  woods  of  this  table,  is  loo  pounds 
per  square  inch. 

The  position  of  this  line,  which  indicates  the  limit  of  safe  loads 
for  shearing  along  the  neutral  axis,  was  determined  by  the  aid  of 
the  following  formula:  .^ 


W: 


in  which  ^ 

W  p:  safe  load  in  pounds  uniformly  distributed, 
d  =  depth  of  beam  in  inches, 
b  =  breadth  of  beam  in  inches. 

s  =  allowable  shear  in  the  direction  of  the  grain  in  pounds 
per  square  inch. 

Explanation  of  the  Tabk  of  Safe  Loads  for  Rectangular 
Beams  of  Short-leaf  Yellow  Pine.-r-The  t^ble  is  calculated  for  an 
allowable  fibre  stress,  for  flexure,  of  i,ooo  pounds  per  square  inch. 

The  deflection  coefficients  are  figured  for  a  modulus  of  elasticity 
of  i,200>ooo  pounds  per  square  inch,  but  may  be  used  for  other 
moduli,  after  obtaining  the  corresponding  coefficients  by  proportion 
as  heretofore  explained.    , 

The  lower  dotted  line  across  the  table  indicates  the  limits  of  spans 
for  which  the  safe  load  will  produce  deflections  greater  than  1-360 
of  the  length  of  the  beam.  Values  above  the  line  will  give  less 
deflection  than  this,  and  those  below  will  give  greater,  based  on  a 
modulus  of  1,200,000  pounds  per  square  inch.  Similarly,  the  upper 
dotted  line  indicates  the  limit  of  deflection  corresponding  to  a 
modulus  of  elasticity  of  600,000  pounds  per  square  inch. 

The  full  zig-zag  line  across  the  table  indicates  the  limiting  spans 
and  loads  based  on  the  allowable  intensity  of  shearing  stress  along 
the  neutral  axis  of  the  beam.  The  values  above  the  full  zig-zag  line 
correspond  to  shearing  stresses  greater  than  the  allowable  stress  in 
the  direction  of  the  grain  for  Short-leaf  Yellow  Pine,  while  those 
below  the  line  correspond  to  shearing  stresses  less  than  that  allow- 
able, which,  in  this  case,  is  assumed  to  be  100  pounds  per  square 
inch. 

Explanation  of  Tables  of  Safe  Loads  for  Rectangular  Beams 
of  White  Oak  and  Long-leaf  Yellow  Pine.-— This  table  is  com- 
puted for  an  allowable  fibre  stress  of  1,200  pounds  rpersou^e  inch, 
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for  flexure,  and  the  deflection  coefiicients  are  calculated  for  a 
modulus  of  elasticity  of  1,500,000  pounds  per  square  inch. 

The  limit  for  a  deflection  of  1-360  of  the  span  is  indicated  by 
the  lower  dotted  zig-zag  line  on  the  tables,  the  values  below  which 
correspond  to  deflections  greater  than,  and  those  above  to  deflec- 
tions less  tlian,  the  limiting  deflections.  The  upper  dotted  zig-zag 
line  similarly  indicates  the  limits  of  deflection  for  a  modulus  of 
elasticity  of  750,000  pounds  per  square  inch. 

The  lower  full  zig-zag  line  indicates  the  limit  of  allowable  shear- 
ing stress  along  the  axis  corresponding  to  the  allowable  intensity, 
for  Yellow  Pine,  of  150  pounds  per  square  inch. 

Similarly,  the  upper  full  zig-zag  line  indicates  the  limits  for 
sharing  along  the  axis  for  White  Oak,  based  on  an  allowable 
intensity  of  200  pounds  per  square  inch. 

Moisture  Classification. — The  following  statements  are  made  in 
Bulletin  No.  12,  U.  S.  Department  of  Agriculture,  Division  of 
Forestry : 

"  Since  the  strength  of  timber  varies  very  greatly  with  the  moist- 
'  ure  contents  (see  Bulletin  8  of  the  Forestry  Division),  the  econom- 
ical designing  of  such  structures  will  necessitate  their  being  separ- 
ated into  groups  according  to  the  maximum  moisture  contents  in  use. 

"Class  A  (moisture  contents,  18  per  cent.). — Structures  freely 
exposed  to  the  weather,  such  as  railway  trestles,  uncovered  bridges, 
etc. 

"Class  B  (moisture  contents,  15  per  cent.). — Structures  under 
roof  but  without  side  shelter,  freely  exposed  to  outside  air,  but  pro- 
tected from  rain,  such  as  roof  trusses  of  open  shops  and  sheds, 
covered  bridges  over  streams,  etc. 

"  Qass  C  (moisture  contents,  12  per  cent.). — Structures  in  build- 
ings unheated,  but  more  or  less  protected  from  outside  air,  such  as 
roof 'trusses  of  barns,  enclosed  shops  and  sheds,  etc. 

"Class  D  (moisture  contents,  10  per  cent.). — Structures  in  build- 
ings at  alj  times  protected  from  the  outside  air,  heated  in  the  winter, 
such  as  roof  trusses  in  houses,  halls,  churches,  etc. 

"  For  long-leaf  pine  add  to  all  the  values  given  in  the  tables,  ex- 
cept those  for  moduli  of  elasticity,  tension  and  shearing,  for  Class 
B,  15  per  cent. ;  for  Class  C,  40  per  cent. ;  and  for  Class  D,  55  per 
cent.  For  the  other  species  add  to  these  values,  for  Class  B,  8  per 
cent.;  for  Class  C,  18  per  cent.,  and  for  Class  D,  25  per  cent." 

Based  upon  the  above  classification  of  structures,  the  two  follow- 
ing tables  have  been  figured  to  facilitate  calculations  of  allowable 
loads  for  wooden  beams  and  columns. 


Digitized  by  VjOOQlC 
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Fire  Prevention-  and  Protection 


PROPiORTION  OF  THE  VALUES  GIVEN  IN  THE  •»  TAPLES  OF  SAFE 
LOADS  FOR  WOODEN  BEAMS,"  PAGES  450  TO  455,  IN- 
CLUSIVE, TO  BE  USED  IN  ORDER  Ta  OBTAIN 
THE  SAFE  LOADS  FOR  THE  VARIOUS 
CLASSES  OF  sfRUCTURES  RE* 
FERRED  TO  ABOVE 


Classes 

Yellow  Pine 

All  Others 

Class  A       . . 

1.00 
1.15 
1.40 
1.55 

1.00 

Class  B 

1.08 

Class  C 

1.18 

Class  D 

1.25 

SAFETY  FACTORS  TO  BE  APPLlfeD  TO  THE  VALUES  GIVEN  IN  THE 

TABLE  OF  "  STRENGTH  OF  SOLID  WOODEN  COLUMNS," 

PAGES  456  AND  457,  IN  ORDER  TO  OBTAIN  THE 

SAFE  LOADS  FOR  THE  VARIOUS  CLASSES 

OF  STRUCTURES  REFERRED  TO  ABOVE 


Classes 

YeUow  Pine 

All  Others 

Class  A 

0.20 

0.2a 

--       0.28 

0.31 

0.20 

Class  B • i 

0.22 

Class  C. 

0.24 

Class  D -• 

0.25 

SPECIFIC  GRAVITY  AND  WEIGHT  PER  FOOT  FOR  VARIOUS 
KINDS  OF  TIMBER 


Name  of  Wood 


Specific 
Gravity 


Weight  per 
Cubic  Foot 


W<9sht 
per  Foot, 

BoArd 
Measure 


White  Oak 

White  Pine 

Southern  Long-leaf  or  Georgia  Yellow  Pine. 

Douglas  Fir 

Short-leaf  Yellow  Pine 

Red  Pine  (Norway  Pine) 

Spruce  and  Eastern  Fir 

Hemlock 

Cypress 

Cedar 

Chestnut i. 

California  Redwood 

California  Spruce 


0.80 
0.38 
0.61 
0.51 
0.51 
0.50 
0.40 
0.40 
0.46 
0.37 
0.66 
0.39 
0.40 


49.94 
23.72 
38.08 
31.84 
31.84 
31.21 
24.97 
24.97 
28.72 
23.10 
41.20 
24.16 
24.97 


4.16 

'3.17 
2.66 
2.65 
2.60 
2.08 
2.08 
2,39 
1.93 
3.43 
2.01 
2.08 


The  specific  gravities  and  weights  ^ven  above  are  the  averages 
of  a  large  number  of  determinations  by  various  authorities,  for 
woods  containing  less  than  15  per  cent,  of  moisture  or  such  as  are 
commercially  known  as  dry  timber.     The  weighte  (o|(^^^|i^or  un- 
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seasoned  woods  will  be  from  20  to  40  per  cent,  greater  than  those 
given  in  the  above  tabfe;  as  given  on  page  305,  the  Building  Code 
of  the  National  Board  of  Fire  Underwriters  assumes  somewhat 
heavier  weights.  1 


SAFE  UNIT  STRESSES  FOR  TIMBER 

Recommended  In  Bulletin  No.  12,  U.  S.  Department  of  Agriculture 
.   .  Division  of  Forestry 

Safe  Unit  Stresses  at  18%  Moisture 


Species 


c/33  « 

9  «  I- 

1^ 


Lbs. 


IS 


Lbs. 


II- 


•so 


Lbs. 


S3      ^ 

2  s. 


Lbs. 


Lbs. 


5-c 


Lbs. 


|2^ 


Lbs. 


Long-leaf  Pine  (Pinus  palus- 
tris)  D 

Short-leaf  Pine  (Pinus  echi- 
nata)  D 

White  Pine  (Pinus  strobus) . . 

gorw^y.Pine  ([Pinus  resinosa) 
olorado  Tine    (Pinus   pon- 

derbsa) 

Douglas     Fir     (Pseudotsuga 

douglasii) • 

Redwood    (Sequoia    semper- 

virens) 

Red  Cedar  (Juniperus  virgin- 

iana) 

Bald  Cypress  (Taxodium  dis- 

tichum)  D 

White  Oak  (Quercus  alba)  D 

Factor  of  Safety 


1550 

1300 

880 

1090 


1320 

1440 

1000 

1000 
1200 


720000 

600000 
435000 
566000 

444000 

690000 

226000 

335000 

450000 
550000 


1.30 


1.30 
1.00 


1.10 
1.25 


1000 

840 
700 
760 

630 

880 

650 

.    700 

675 
800 


215 

215 
147 
143 

180 

167 

115 

250 

120 
400 


12000 


9000 
7000 


6000 
10000 


125 


100 
75 


60 
200 


The  figures  for  the  species  marked  "  D "  were  obtained  from 
experiments  made  by  the  Forestry  Division,  the  others  from  various 
sources,  chiefly  the  roth  Census  Report,  but  so  modified  as  to  give 
results  comparable  with  Forestry  Division  values.  To  arrive  at 
true  average  values  of  strength  multiply  safe  loads  by  factor  of 
safety  given  in  each  column.  The  values  for  resilience  and  tensile 
strength  are  the,. ultimate  values.  The  former  is  practically  never 
used  in  desjignifig:.  The  latter  is  a  factor  impossible  to  develop  in 
practice,  sirtce  the  piece  will  always  fail  in  some  other  way,  usually 
by  shearing. 

Thp  crushing  strength  across  the  grain  in  above  is  based  upon  a 
crushiilg  of  3  per  cent,  of  the  cross  sectional  height^  iptj^C^W?" 
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Fire  Prevention  and  Protection 


AVERAGE  ULTIMATE  BREAKING  UNIT 

1 

Tension 

Kind  of  Timber 

With 
Grain 

Across 
Grain 

White  Oak 

12000 
7000 

12000 
8000 
9000 
8000 
8000 
6000 
6000 
7000 
8500 
7000 

2000 

White  Pine 

500 

Southern  Long-leaf  or  Georgia  Yellow  Pine 

600 

Douglas  Fir 

Short-leaf  Yellow  Pine 

500 

Red  Pine  (Norway  Pine) 

500 

Soruce  and  Eastern  Fir 

500 

Hemlock 

Cyoress 

aaar.. .:::::::::.:.: 

Chestnut 

Califol'nia  Redwood .......  T.    

California  Spruce ^ 

AVERAGE  SAFE  ALLOWABLE  WORKING  UNIT 

Tension  • 

Kind  of  Timber 

With 
Grain 

Acrow 
Grain 

Factor  of  Safety 

Ten 

Ten 

White  Oak 

1200 
700 

1200 
800 
900 
800. 
800 
600 
600 
700 
850 
.     700 

200 

White  Pine 

50 

Southern  Loner-leaf  or  Georsria  Yellow  Pine 

60 

Douglas  Fir 

Short-leaf  Yellow  Pine 

50 

Red  Pine  (Norway  Pine) 

SO 

50 

Hemlock , '. 

Cyoress 

c2^::;:::;::::::::::;::.:.:.:...: :.:. 

Chestnut 

California  Redwood                 

California  Spruce 

The  above  tables  are  based  on  those  recommended  by  the  committee  on 
intendents  of  Bridges  and  Buildings  at  their  Fifth  Annual  Conv^tioa.  in  October. 
data  from  various  sources.  Digitized  by  VjUO^LL 
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stresses; 'IN  POUNDS  PER  SQUARE  INCH 


Compression 

Transverse 

Shearing 

With  Grain 

Across 
Gxain 

Extreme 
Fibre 
Stress 

Modulus  of 
Elasticity 

With 
Grain 

Across 
Grain 

End 
Bearing 

Ck>luinns 

Under 
15  Diams. 

7000 
5500 
7000 
5700 
6000 
5000 
6000 

5666 
$500 

«X)0 
3500 
5000 
4500 
4500 
4000 
4000 
4000 
4000 
3500 
4000 
4000 
4000 

2000 
700 

1400 
800 

1000 
800 
70O 
600 
700. 
700  . 
900 
-   600. 

7000 
4000 
7000 
5000 
(5000 
5000 
4000 
3500 
5000 
4000 
5000 
4500 
5000 

1500000 

1000000 

1500000 

1400000 

1200000 

1130000 

1200000 

900000 

900000 

700000 

1000000 

700000 

1200000 

800 
400 
600 
500 
400. 

466 
350 

■466 
600 
400 

4000 
2000 

aooo 

4666 

3666 
2500 

.  1500 
2000 

STRESSES,  IN  POUNDS  PER  SQUARE  INCH 


COMPRESSIOh 

r 

Transverse 

SHEARING 

With  Grain 

Extreme 

Across 
Grain 

Fibre 
Stress 

Modulus  of 
Elasticity 

With 
Grain 

Across 
Grain 

Cohimns 

End 

Under 

Bearing 

15  Diams, 

Five 

Five 

Four 

Six 

Two 

Four 

Four 

1400 

1000 

500 

1200 

750000 

200 

1000 

1100 

700 

200 

700 

500000 

100 

500 

1400 

1000 

350 

1200 

750000 

150 

1250 

1100 

900 

200 

800 

750000 

130 

1200 

900 

250 

1000 

600000 

100 

1000 

1000 
1200 

800 
800 

200 
200 

800 
700 

565000 
660000 

*i66 

'750 



800 

150 

600 

450000 

100 

600 

1000 

800 

200 

800 

450000 

1100 

700 

200 

700 

350000 

100 

400 

, 

800 

250 

800 

500000 

150 

500 

.... 

800 

150 

750 

350000 

100 

.... 

800 

.... 

800 

6000b0 

"Strength  of  Bridge  and  Trestle  Timbers"  of  the  Association  of  Railway  Super- 
1895,  but  the  arrangement  and  values  in  many  cases  are  now  modified  by.  later 

Digitized  by  VjOOQLC 
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Fire  Prevention  and  Protection 


SAFE  LOADS  IN  POUNDS  UNIFORMLY  DISTRIBUTED  FOR 

CEDAR  AND  SPRUCE 

Allowable  fibre  stress  700  pounds  per  square  inch.     Safety 
Safe  loads  for  other  safety  factors  may  be  obtained  as  follows: 


Span 

in 
Feet 

DBPt-H  OF 

Beam  in  Inches 

Deflec- 
tion 
Coeffi- 
cient 
for 
White 
Pine 

V 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

4 

311 

486 

700 

953 

1244 

1575 

1944 

2352 

2800 

3286 

3811 

.34 

5 

240 

389 

560 

762 

996 

1260 

1556 

1882 

2240 

2629 

3049 

.53 

6 

207 

324 

467 

635 

830 

1050 

1296 

1569 

X867 

2191 

2521 

.76 

7 

178 

278 

400 

544 

711 

900 

1111 

1344 

1600 

1878 

2178 

1.03 

8 

156 

243 

350 

476 

622 

788 

972 

1176 

1400 

1643 

1906 

1.34 

9 

138 

216 

311 

423 

553 

700 

864 

1046 

-1244 

1460 

1694 

1.70 

10 

124 

194 

280 

381 

498 

630 

778 

941 

1120 

1314 

1524 

2.10 

11 

113 

177 

155 

346 

453 

573 

707 

856 

1018 

1195 

1386 

2.54 

12 

103 

162 

233 

318 

415 

525 

648 

784 

933 

1095 

1270 

3.02 

13 

96 

150 

215 

293 

383 

485 

598 

724 

862 

1011 

1173 

3.55 

14 

89 

139 

200 

272 

356 

450 

556 

672 

800 

930 

1089 

4.12 

15 

83 

130 

187 

254 

332 

420 

519 

627 

747 

876 

1016 

4,73 

16 

78 

122 

175 

238 

311 

394 

486 

588 

700 

821 

953 

5.38 

17 

73 

114 

165 

224 

*  293 

371 

458 

554 

659 

773 

897 

6.07 

18 

69 

108 

156 

212 

277 

350 

432 

523 

622 

730 

847 

6.80 

19 

65 

102 

147 

201 

262 

332 

409 

495 

589 

692 

802 

7.58 

20 

97 

140 

191 

249 

315 

389 

471 

560 

657 

762 

8.40 

21 

93 

133 

182 

237 

300 

370 

448 

533 

626 

726 

9.26 

22 

88 

127 

173 

226 

286 

354 

428 

509 

597 

693 

10.16 

23 

85 

122 

166 

216 

274 

338 

409 

487 

572 

663 

11.11 

24 

117 

159 

207 

263 

324 

392 

467 

548 

635 

12.10 

25 

112 

152 

199 

252 

311 

376 

448 

526 

610 

13.13 

26 

108 

147 

191 

242 

299 

362 

431 

506 

586 

14.20 

27 

104 

141 

184 

233 

288 

349 

415 

487 

565 

15.31 

28 

100 

136 

178 

225 

278 

336 

400 

469 

544 

16.46 

29 

.   97 

131 

172 

217 

268 

325 

386 

453 

526 

17.66 

30 

93 

127 

166 

210 

259 

314 

'373 

438 

508 

18.90 

31 

90 

123 

161 

203 

251 

304 

361 

424 

492 

20.18 

32 

88 

119 

156 

197 

243 

294 

350 

411 

476 

21.50 

33 

85 

115 

151 

191 

236 

285 

339 

398 

462 

22.87 

34 

112 

146 

185 

229 

277 

329 

387 

448 

24.28 

35 

109 

142 

180 

222 

269 

320 

376 

436 

25.73 

Digitized  by  LjOOQ IC 
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RBGTAKGtnLAE  BEAMS  ONE  INCH  THICK  OF  WHITE  PINE, 
OR  EASTERN  FIR 

factor  6.    Modt^us  of  rupture  4200  pounds  per  square  inch. 

6 

New  safe  lofed  =  Safe  load  from  table  X — . 

New  factor 


Feet 

OF  Beam  in  Inches 

Deflec- 
tion 
Coefii- 
cient 
for 
White 
Pine 
V 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

9 

1944 

2212 

2498 

2800 

3120 

3457 

3811 

4183 

4571 

4978 

1.70 

IQ 

1750 

1991 

2248 

2520 

2808 

3111 

3430 

3764 

4114 

4480 

2.10 

11 

1601 

1810 

2044 

2291 

2552 

2828 

3118 

3422 

3740 

4073 

2.54 

12 

1458 

1659 

1873 

2100 

2340 

2593 

2858 

3137 

3428 

3733 

3.02 

13 

1346 

1531 

1729 

1938 

2160 

2393 

2638 

2896 

3165 

3446 

3.55 

14 

1250 

1422 

1606 

1800 

?/>56 

2222 

2450 

2689 

2939 

3200 

4.12 

.   15 

1167 

1328 

1.499 

1680 

1872 

2074 

2287 

2510 

2743 

2987 

4.73 

16 

1094 

1244 

1405 

1575 

1755 

1944 

2144 

2353 

2571 

2800 

5.38 

17 

1029 

1171 

1322 

1482 

165i 

1830 

201^ 

2214 

2420 

2635 

6.07.  . 

18 

972 

1106 

1249 

1400 

1560 

1728 

1906 

2091 

2286 

2489 

6.80 

19 

921 

.1048 

1183 

1326 

1478 

1637 

1805 

1981 

2165 

2358 

7.58 

20 

875 

.996 

1124 

1260 

1404 

1556 

1715 

1882 

2057 

2240 

.8.40  ] 

21 

.  833 

948 

1070 

.1200 

.1337 

1481 

1633 

1793 

1959 

2133 

9.26  , 

22 

795 

905 

1022 

1145 

1276 

1414 

1559 

1711 

1870 

2036 

10.16 

23 

761 

866 

977 

1096 

122] 

1353 

1491 

1637 

1789 

1948 

11.11 

24 

729 

830 

937 

1050 

1170 

1296 

1429 

1569 

1714 

1867 

12.10 

25 

,700 

796 

899 

1008 

1123 

1244 

1372 

1506 

1645 

1J792 

13.13 

26 

.673 

766 

865 

969 

1080 

1197 

1319 

1448 

1582 

,  11723 

14.20  .. 

27 

,  648 

737 

833 

933 

1040 

1152 

1270 

1394 

1524 

1659 

15.31 

28 

625 

711 

803 

900 

1003 

nil 

1225 

1344 

1469 

1600 

16.46 

29 

603 

687 

775 

869 

968 

1073 

1183 

1298 

1419 

1545 

17.66 

30 

583 

664 

749 

840 

936 

1037 

1143 

1255 

1371 

1493 

18.90 

31 

565 

642 

725 

813 

906 

1004 

1106 

1214,  1327 

1445 

20.18 

32 

547 

622 

703 

787 

877 

972 

1072 

1176 

1286 

1400 

21.50 

33 

534 

603 

681 

764 

850 

943 

1039 

1141 

1247 

1358 

22.87 

34 

515 

586 

661 

741 

826 

915 

1009 

xiot 

1310 

1318 

24.28 

35 

500 

569 

642 

720 

802 

880 

980 

1076 

1176 

1280 

25.73  . 

36 

486 

553 

624 

700 

780 

864 

953 

1046 

1143 

1244 

27.22 

37 

473 

538 

608 

681 

759 

841 

927 

1017 

1112 

1211 

28.75 

38 

460 

524 

592 

663 

739 

819 

963 

991 

1083 

1179 

30.32 

39 

449 

511 

576 

646 

720 

798 

880 

965 

1055 

1149 

31.94 

40 

438 

498 

562 

630 

702 

778 

858 

941 

1029 

1120 

33.60 

Digitized  by  LjOOQ IC 
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Fire  Prevention  and  Protection 


SAFB  LOADS  IN- POUNDS  UNIFORMLY  DISTRIBUTED, 

SHORT*LEAF 

Allowable  fibre  stress  1000  pounds  per  square  Inch.     Safety 
Safe  loads  for  other  safety  factors  may  be  obtained  as  follows: 


Span 

Depth  op 

Beam  In  Inches 

Deflec- 

tiOD 

Coeffi- 
cient 

V 

m 
Feet 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

4 

444 

694 

1000 

1361 

1778 

2250 

2778 

3361 

4000 

4694 

5444 

.40 

5 

356 

556 

800 

1089 

1422 

1800 

2222 

2689 

3200 

3756 

4356 

.63 

6 

296 

463 

667 

907 

1185 

1500 

1852 

2241 

2667 

3130 

3630 

.90 

7 

254 

397 

571 

778 

1016 

1286 

1587 

1921 

2286 

2683 

3111 

1.23 

8 

222 

347 

500 

681 

889 

1125 

1389 

1681 

2000 

2347 

2722 

1.60 

9 

198 

309 

444 

605 

790 

1000 

1235 

1494 

1778 

2086 

2420 

2.03 

10 

178 

278 

400 

544 

711 

900 

1111 

1344 

1600 

1878 

2178 

2.50 

11 

162 

253 

364 

495 

646 

818 

1010 

1222 

1455 

1707 

1980 

3.03 

12 

148 

231 

333 

454 

593 

750 

926 

1120 

1333 

1565 

1815 

3.60 

13 

137 

214 

308 

419 

547 

692 

855 

1034 

1231 

1444 

1675 

4.23 

14 

127 

1,98 

286 

389 

608 

(543 

794 

960 

1143 

1341 

1556 

4.90 

15 

119 

185 

267 

363 

474 

600 

741 

896 

1067 

1252 

1452 

5.63 

16 

111 

174 

'  250 

340 

444 

563 

604 

840 

1000 

1174 

1361 

6.40 

17 

105 

163 

235 

320 

418 

529 

654 

791 

941 

1105 

1281 

7.23 

18 

99 

154 

222 

.  302 

395 

500 

617 

747 

889 

1043 

1210 

8.10 

19 

94 

146 

211 

287 

374 

474 

585 

708 

842 

988 

1146 

9.03 

20 

89 

139 

200 

272 

356 

450 

556 

672 

800 

939 

1089 

10.00 

21 

85 

132 

190 

259 

339 

429 

529 

640 

762 

894 

1037 

11.03 

22 

81 

li26 

182 

247 

323 

409 

505 

611 

727 

854 

990 

12.10 

23 

77 

121 

174 

237 

309 

391 

483 

585 

696 

816 

947 

13.23 

24 

116 

162 

227 

296 

375 

463 

560 

667 

782 

907 

14.40 

25 

111 

160 

218 

284 

360 

444 

'538 

640 

751 

871 

15.63 

26 

107 

154 

209 

274 

346 

427 

517 

615 

722 

838 

16.90 

27 

103 

148 

202 

263 

333 

412 

498 

593 

695 

807 

18.23 

28 

.?9 

143 

194 

254 

321 

397 

480 

571 

671 

778 

19.60 

29 

138 

.188 

245 

310 

383 

464 

552 

648 

751 

21.03 

30 

133 

181 

2i37 

300 

370 

448 

533 

626 

726 

22.30 

31 

129 

176 

229 

290 

358 

434 

516 

606 

703 

24.03 

32 

125 

170 

222 

281 

347 

420 

500 

587 

681 

25.60 

33 

121 

165 

215 

273 

337 

407 

485 

569 

660 

27.23 

34 

118 

160 

.  209 

265 

327 

395 

471 

552 

641 

29.90 

35 

114 

156 

203 

257 

317 

384 

457 

537 

602 

30.63 

Safe  loads  for  any  fibre  stress  may  be  readily  pb tainted  fro|n  this  table; by  pro- 
portion. 
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factor  6.    Modulusi  of  rupture  6000  pounds  per  square  inch. 

6 
Mew  safe  load  =  Safe  load  from  table  X  - 
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New  factor 

Span 
Feet 

Dkpth  op  Beam  in  Inches 

Deflec- 
tion 

Coeffi- 
cient 

V 

15 

16 

17 

18 

19 

20 

21 

22  ' 

23 

24 

9 

2778 

3160 

3568 

4000 

4457 

4038 

5444 

5975 

6531 

7111 

2.03 

10 

2500 

2844 

3211 

3600 

4011 

4444 

490Q 

5378 

5878 

6400 

2.50 

11 

2273 

2586 

2919 

3273 

3646 

4040 

445& 

4889 

5343 

5818 

3.03 

12 

2083 

2870 

2676 

300O 

3343 

3704 

4083 

4481 

4898 

5333 

3.60 

13 

1923 

2188 

2470 

2760 

3085 

3419 

3769 

4137 

4521 

4923 

4.23 

14 

1786 

2032 

2294 

2571 

2865 

3175 

3500 

3841 

4198 

4571 

4.00 

15 

1667 

1896 

2141 

2400 

2674 

2963 

3267 

3585 

3919 

^^67 

5.63 

16 

1563 

1778 

2007 

2250 

2507 

2778 

3062 

3361 

3674 

.4000 

6.40 

17 

1471 

1673 

1889 

2118 

2359 

2614 

.2882 

3463 

3458 

3765 

7.23 

18 

1389 

1580 

1789 

2000 

2228 

2469 

2722 

2988 

3265 

3556 

8.10 

19 

1316 

1497 

1690 

1895 

2111 

2339 

2570 

2830 

3004 

3368 

9.03 

20 

1250 

1422 

1606 

1800 

2006 

2450 

2689 

3200 

10.00 

21 

1190 

1354 

1529 

1714 

1910 

2116 

2333 

2561 

2799 

3048 

11.03 

22 

1136 

1293 

1460 

1636 

1823 

2020 

2227 

2444 

2672 

2909 

12.10 

23 

1087 

1237 

1396 

1565 

1744 

i932 

2130 

2338 

2556 

2783 

13.23 

24 

1042 

1185 

1338 

1500 

1671 

1852 

2042 

2241 

2449 

2667 

14.40 

25 

1000 

1138 

1284 

1440 

1604 

1778 

1960 

2131 

2351 

2560 

15*63 

26 

962 

1094 

1235 

1385 

1543 

1700 

1885 

2068 

2261 

2462 

16.00 

27  : 

926 

W53 

1189 

1333 

1486 

1646 

1815 

1992 

2177 

2370 

18»23 

28 

893 

1016 

1147 

1286 

1433 

1587 

1750 

1921 

2099 

2286 

19.60 

29 

862 

981 

1107 

1241 

1383 

1533 

1690 

1854 

2027 

2207 

21;03 

30  ': 

833 

948 

1070 

1200 

1337 

1481 

1633 

1793 

1959 

2133 

22.50 

31 

806 

918 

1036 

1161 

1294 

1434 

1581 

1735 

1896 

2065 

24.03 

32 

781 

889 

1003 

1125 

1253 

1389 

1531 

1681 

1837 

2000 

25.60 

33 

758 

862 

973 

1091 

1215 

1347 

1485 

1630 

1781 

1939 

27.23 

34 

735 

837 

944 

1059 

1180 

1307 

1441 

1582 

1728 

.1882 

28:90 

35 

714 

813 

917 

1029 

1146 

1270 

1400 

1537 

1677 

1829 

30^63 

36 

694 

780 

894 

1000 

1114 

1235 

1361 

1494 

1633 

1778 

32.40 

37 

676 

769 

868 

973 

1084 

1201 

1324 

1453 

1589 

1730 

34.23 

38  . 

658 

749 

845 

947 

1056 

1169 

1289 

1415 

1547 

1684 

36.10 

39 

641 

729 

823 

923 

1028 

1140 

1256 

1379 

1507 

1641 

38.03 

40 

625 

711 

803 

900 

1003 

1111 

1225 

1344 

1469 

160O 

40.00 

.  Safe  loads  for  beams  of  California  Redwood,  three-quarters  of  above. 
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Fire  Prevention  and  Protection 


SAFB  LOiOMSi  IN  POUNDS  UNIPORMI^T  DISTRIBUTED, 

WHITE  OAK  AND 

Allowable  fibre  stress  700  pounds  per  square  inch.    Safety 
Safe  loads  for  other  safety  factors  may  be  obtained  as  follows: 


Span 

in 
Feet 

Depth  OP 

Beam  IN  Inches 

Deflec- 
tion 

Coeffi- 
cient 

V 

4 

5 

6  ' 

7 

8 

9 

.  10 

11 

12 

13 

14 

4 

533 

833 

1200 

1633 

2138 

2700 

33133 

4033 

4800 

5633 

6533 

.38 

5 

427 

667 

960 

1307 

1707 

2160 

2667 

3227 

3840 

4507 

5227 

.60 

6 

356 

556 

800 

1089 

1422 

1800 

2222 

2689 

3200 

3756 

4356 

.86 

7 

305 

476 

686 

933 

1219 

1543 

1905 

2305 

2743 

3219 

3733 

1.18 

9 

267 

417 

600 

817 

1067 

1350 

1667 

2017 

2400 

2817 

3267 

1.54 

9 

237 

370 

533 

726 

948 

1200 

1481 

1793 

2133 

2504 

2904 

1.94 

10 

21$ 

333 

480 

653 

853 

1080 

1333 

1613 

1920 

2253 

2613 

2.40 

11 

194 

303 

436 

594 

776 

982 

1212 

1467 

1745 

2048 

2376 

2.90 

12 

178 

278 

400 

544 

711 

900 

1111 

1344 

1600 

1878 

2178 

3.46 

13 

164 

^56 

369 

503 

656 

831 

1026 

1241 

1477 

1733 

2010 

4.06 

14 

152 

238 

343 

467 

610 

771 

952 

1152 

1371 

1610 

1867 

4.70 

15 

142 

222 

320 

436 

569 

720 

889 

1076 

1280 

1502 

1742 

5.40 

16 

133 

298 

300 

.  408 

533 

675 

833 

1008 

1200 

1408 

1633 

6.14 

17 

125 

196 

282 

384 

502 

635 

784 

949 

1129 

1325 

1537 

6.94 

18 

119 

185 

267 

363 

474 

600 

741 

896 

1067 

1252 

1452 

7.78 

19 

112 

175 

253 

344 

449 

568 

702 

849 

1011 

1186 

1375 

8.66 

20 

107 

167 

240 

327 

427 

540 

667 

807 

960 

1127 

1307 

9.60 

21 

102 

159 

229 

311 

406 

514 

635 

768 

914 

1073 

1244 

10.58 

22 

97 

152 

218 

297 

388 

401 

606 

733 

873 

1024 

1188 

11.62 

23 

93 

146 

209 

284 

371 

470 

580 

701 

835 

980 

1136 

12.70 

24 

89 

139 

,  ■ 

200 

'  272 

-■   356 

450 

556 

672 

800 

939 

1089 

13.82 

25 

85 

133 

192 

261 

341 

432 

533 

645 

768 

901 

1045 

15.00 

26 

128 

185 

251 

328 

415 

513 

621 

738 

867 

1005 

16.22 

27 

123 

178 

242 

316 

400 

404 

598 

711 

835 

968 

17.50 

28 

119 

171 

233 

305 

386 

476 

576 

685 

805 

933 

18.82 

29 

115 

166 

225 

294 

372 

460 

556 

662 

777 

901 

20.18 

30 

111 

160 

218 

^84 

360 

444 

538 

640 

751 

871 

21.60 

31 

108 

155 

211 

275 

348 

430 

520 

619 

727 

843 

23.06 

32 

150 

204 

267 

338 

417 

504 

600 

704 

817 

24.58 

33 

145 

198 

259 

327 

404 

489 

582 

683 

792 

26.14 

34 

141 

192 

251 

318 

392 

'475 

565 

663 

769 

27.74 

35 

137 

187 

244 

309 

381 

461 

549 

644 

747 

29.40 

Safe  loads  for  beams  of  Douglas  Fir,  Red  Pine  (Norway  Pine),  Cypress,  Chest- 
nut and  California  Spruce,  two-thirds  of  above. 
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FOR  RECTANGULAR  BEAMS  ONE  INCH  THICK,  OF 
LONG-LEAF  YELLOW  PINE 

factor  6.    Modulus  of  rupture  7200  pounds  per  square  inch. 
New  safe  load  =a  Safe  load  from  table  X  - 


New  factor 

S^n 

Depth  of  Bkam  in  Inches 

Deflec- 
tion 
.  Coeffi- 
cient 

V 

in 
Feet 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

9 

3333 

3793 

4281 

4800 

5348 

5926 

6533 

7170 

7837 

8533 

•«J.«94 

10 

3000 

3413 

3853 

4320 

4813 

5333 

5880 

6453 

7053 

7680 

,^h^ 

11 

2727 

3103 

3503 

3927 

4376 

4848 

5355 

5867 

6412 

6892 

2.90 

12 

2500 

2844 

3211 

3600 

4011 

4444 

4900 

5378 

5878 

6400 

'9.46  J 

13 

2308 

2626 

2964 

3323 

3703 

4103 

4523 

4964 

5426 

5908 

4.06 

14 

2143 

2438 

2752 

3086 

3438 

3810 

4200 

4610 

5038 

5486 

4.70 

15 

2000 

2276 

2569 

2880 

3209 

3556 

3920 

4302 

4702 

5120 

5.40 

16 

1875 

2133 

2408 

2700 

3008 

3333 

3675 

4033 

4433 

4800 

6.14 

17 

1765 

2008 

2267 

2541 

2831 

3137 

3459 

3796 

4149 

4518 

6.94 

18 

166'7 

1896 

2141 

2400 

2674 

2963 

3267 

3585 

3819 

4267 

7.78 

19 

1579 

1796 

2027 

2274 

2533 

2807 

3095 

^3396 

3712 

4042 

8.66 

20 

1500 

1707 

1927 

2160 

2407 

2667 

2940 

3227 

3527 

3840 

9.60 

21 

1429 

1625 

1835 

2057 

2292 

2540 

2800 

3073 

3359 

3657 

.10.58 

22 

1364 

1552 

1752 

1964 

2188 

2424 

2678 

2933 

3206 

3491 

11.62. 

23 

1304 

1484 

1675 

1878 

2093 

2319 

2557 

2806 

3067 

3339 

12. 7Q 

24 

1250 

1422 

1606 

1800 

2006 

'A?.?,?. 

2450 

2689 

2939 

3200 

13.82 

25 

1200 

1365 

1541 

1728 

1925 

2133 

2352 

2581 

2821 

3072 

15.00 

26 

1154 

1313 

1482 

1662 

1851 

2051 

2262 

2482 

2713 

2954 

16.22 

27 

1111 

1264 

1427 

1600 

1783 

1975 

2178 

2390 

2612 

2844 

17.50 

28 

1071 

1219 

1376 

1543 

1719 

19q5 

2100 

'2305 

2519 

2743 

18.82 

29 

1034 

1177 

1329 

1490 

1660 

1839 

2028 

2225 

2432 

2648 

:20.18 

30 

1000 

1138 

1284 

1440 

1604 

1778 

1960 

2151 

2351 

2560 

21.60 

31 

1101 

1243 

1394 

1553 

172k) 

1897 

2082 

2275 

2477 

23.06 

32 

1067 

1204 

1350 

1504 

1667 

1838 

2017 

2217 

2400 

24.58 

33 

909 

1034 

1168 

1309 

1459 

1616 

1785 

1956 

2137 

2327 

26.14 

34 

822 

1004 

1133 

1271 

1416 

1569 

1729 

1898 

2075 

2259 

27.74 
*  1 

35 

857 

975 

1101 

1234 

1375 

1524 

1680 

1844 

2013 

2194 

.  1 
29.'4() 

36 

833, 

948 

1070 

1200 

1337 

1481 

1633 

1793 

1909 

2133 

31. l() 

37 

811 

923 

1041 

1168 

1301 

1441 

1589 

1744 

1906 

2076 

32.85 

38 

789 

893 

1014 

1137 

1267 

1404 

1547 

1698 

1856 

2021 

34.66 

39 

769 

875 

988 

1108 

1234 

1368 

1508 

1655 

1809 

1969 

36.50 

40 

750 

853 

963 

1080 

1203 

1333 

147X) 

1613 

1763 

1920 

38.40 

Safe  loads  for  beams  of  Hemlock,  one-half  of  above. 
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STRENGTH   OF   SOLID   WOODEN   COLUMNS   OF   DIFFERENT   KINDS 

OF  TIMBER 

1 

For  various  values  of  — . 
d 
1 1=  length  of  column  in  inches.'    d  '^trsieast  diameter  in  inches. 
Based  on  the  Formula  of  the  U.  S.  Department  of  Agriculture,  Division  of 
Forestry. 

/  700  4-  15c 

P  =  F  X — : . 

700  +  15c  +  c« 

P  =sf:(ulj;|mate.  strength  in  pounds  per  square  inch.  • 

F  =  ultimate  crushing  strength  of  timber.    c= — . 

Values  of  F  are  those  given  in  table  on  pages  448  and"  449  herein. 


Ultimate  Strength  in  Pounds  p^r  Square  Inch 

WmeOak 

Douglas  Fir 

Red  Pine  (Norway  Pine). 

White. 

and  Southern 

and 

Spruce    or    Eastern    Fir, 
Hemlock",  Cypress,  Chest- 
nut,  California   Redwood 

Pine  : 

Long-leaf 

Short-leaf 

and 

or  Georgia 

Yellow  Pine 

Cedar 

yellow  Pine 

and  California  Spruce 

F 

,      5000 

4500 

4000 

3500 

1 

d" 
2 

4937 

4475 

3978 

3481. 

3 

4940 

4446 

3952 

3458 

4 

4897 

4407 

3918 

3428 

5  . 

.  :  4844 

4359 

3875      . 

3391 

6 

.  4782 

.  .    4304 

3826 
,      3770 

3347 

7 

4713 

4242 

3299 

8 

4638-  • 

4174 

3710 

3247 

9 

4558 

4102 

3646 

3190 

10 

4474 

4026 

3579 

3132 

11 

4386 

3948 

3509 

3070 

12 

,      4297 

3867 

3438     • 

3008 

13 

4206 

3785 

3365 

2944 

14 

4114 

3703 

3291      ,, 

2880 

15 

4022 

3620 

,  3217 

2815 

16  , 

3930 

3537 

3144 

2751 

\l 

.3838 

3455 

3071 

.    2687 

3748 

3373 

'       2998 

2624 

19 

3659     ' 

3293 

2927              • 

2561 

For  safety  factors  for  various  classes  of  stnii<^tares  to  be  used  in  connection 
with  the  above  table,  seie  p.  446; 
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STRENGTH  OF  SOLID   WOODEN  COLUMNS   OF   DIFFERENT   KINDS 

OF  TIMBER 

-       1 
For  various  values  of  — .  i 

d 
1  =  length  of  column  in  inches,    d  =  least  diameter  in  inches. 
Based  on  the  Foi-mulaof  the  U.  S.  Department  of  Agriculture.  Bivision  of 
Forestry. 

700  +  15c 

700  +  15c  +  c»* 
P  =s  ultimate  strength  in  pounds  per  squarte  inch. 

1 
F  =3  ultimate  crushing  strength  of  timber,    c  >=  — .^ 

d 
Values  of  F  are  those  given  in  table  on  pages  448  and  449  herein. 


Ultimate  Strength  in  Pot^s  per  Square  Inch 

White  Oak 

Douglas  Fir 

Red  Pine  (Norway  Pine), 

White 

and  Southern 

and 

Spruce    or    Eastern    Fir, 
Hemlock,  Cypress,  Chest- 

Pine 

Loi\g-leaf  , 

Short-leaf 

and 

or  Georgia 
Yellow  Pine 

Yellow  Pine 

nut,   California   Redwood 

Cedar 

and  California  Spruce 

F 

5Q00 

4500 

4000 

3500 

1 
d 
20 

3571 

3214 

2857 

2500 

21, 

3486 

3137 

2788 

2440 

22 

3402 

3061 

2721 

2381 

23 

3320 

2988 

2656 

2324 

24 

3240 

2916 

r                 2592 

2268 

25 

3162 

2846 

2529 

2213 

26 

3086 

2777 

2469 

2160 

27 

«013 

2711 

2410 

2109 

28 

2941 

2647 

2353 

2059 

29 

2872 

2585 

2298 

,    2010 

30 

2805 

2524 

2244 

1963 

32 

2677 

2409 

2142 

1874 

34 

2557 

2301 

2046 

1790 

36 

2445 

2200 

1956 

1711 

38 

2340 

2106 

1872 

1638 

40 

2241 

2017 

1793 

1569 

42. 

2149 

1934 

1719 

1505 

44 

2063 

1857 

1650 

1444 

46 

1982 

1784 

1586 

1388 

48 

1907 

1716 

1525 

1335 

50 

1835 

1652 

1468 

1285 

,Vof  saiety  factors  for  various  classes  of  structures  to  be  used  in  connection 
with  the  above  table,  see  p.  .446. 


Digitized  by  VjOOQlC 


SPECIFICATIONS  FOR  VAULTS* 
CLASS  A  VAULTS 

Vaults  designed  to  afford  tlie  ma^mum  degree  of  protection  and  intended 
for  the  use  of  banks,  trust  companies,  and  others  having  large  values  to 
protect.  This  type  of  vault  involves  massive  Construction,  designed  to 
resist  long  continued  fire,  impact  of  falling  objects,  and  attack  by  burglars 
(in  so  far  as  this  feature  can  properly  be  incorporated  in  these  specifications). 

Matbsxal. — I.  Reinforced  Concrete.  Walls,  roofs,  and  floors  shall  be  of 
reinforced  concrete,  and  mixture  not  poorer  than  one  part  of  Portland 
cement  to  six  parts  of  aggi?egate,  so  proportioned  as  to  give  maximum  density. 

Coarse  aggregate  shall  consist  of  trap  rock,  broken,  hard  burned  or  vitreous 
bricks,  or  th«ir  equivalent,  and  pass  over  a  ^-inch  screen  and  through  a 
I -inch   ring.     Stones  which  calcine  or  spall  readily  shall  be  avoided. 

While  not  recommended,  it  is  possible  that  under  certain  conditions  the 
use  of  a  first  class  quality  of  hard  burned  brick  laid  in  cement  mortar  may 
be  advisable  for  walls,  or  a  combination  of  an  exterior  brick  shell  and  an 
interior   concrete    wall    may    be    used. 

2.  Reinforcing  Material.  Reinforcement  for  concrete  shall  cpnsist  of 
steel  rods  at  least  ^  inch  in  diameter,  spaced  4  inches  on  centres,  and 
running  in  both  directions  at  right  angles  to  each  other.  These  rods  shall 
be  securely  wired  together  at  intersections  not  over  12  inches  apart  in 
both  directions,  and  shall  be  installed  with  one  set  placed  3  inches  from 
each  face  of  each  wall. 

Any  other  form  of  reinforcing,  of  equal  or  greater  cross  section,  may 
be  used. 

Rolled  beams  or  rails  are  frequently  used  for  roof  and  floor  reinforcement 
and  are  occasionally  .used  in  walls  as  well,  both  to  secure  fire  and  burglar 
resisting  powers.  They  are  advised  in  the  case  of  roofs,  because  of  their 
impact   resisting   powers. 

3.  Continuous  construction.  Concrete  work  should  be  carried  on  continu- 
ously as  nearly  as  practicable  and  be  thoroughly  tamped  and  spade*!.  Walls 
should  be  carried  up  uniformly. 

Walls.— ^4.  Support.  Shall  be  built  on  ground  (on  rock  if  possible)  in 
non-fireproof   buildings,   and   preferably   also   in   fireproof   oneft. 

Where  supported  on  steel  framework  of  a  building^  supporting  steel  shall 
have  especially  large  factor  of  safety,  shall  be  protected,  with  at  least  6 
inches  of  reinforced  concrete,  and  reinforcing  materiail  around  columns  and 
beams    shall    be    securely    anchored. 

Note. — Concrete  is  specified  for  protection  to  steel,  .because  both  materials 
have  approximately  the  same  co-efficient  of  expansion.' 

5.  Independent.  Walls  of  vaults  shall  be  entirely"  independent  of  those 
of  building,  and  at  a  sufficient  distance  to  permit  of  inspection. 

6.  Carrying  Floors.  Floors  of  building  shall  preferably  be  independent  of 
▼atflt  walls,  but,  if  connected,  shall  be  so  arranged  that  in  event  ^f  building 
collapsing  they  will  pull  away  without  reducing  the  strength  or  fire-resisting 
qualities  of  the  vaults. 

*A8  given  in  the  regulations  of  the  National  Board  of  Fire  Underwriters. 
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7,  Thickness.  Reinforced  concrete  wall  shall  l)e  at  least  i6  inches  thick. 
Brick  walls  shall  be  at  least  20  inches  thtick.  If  concrete  wall  is  protected 
with  a.  brick  shell,  concrete  shall  be  at  least  xa  inches,  and  brick  at  least 
8   inches  thick.  i; 

Roop.-^.  Thickness.  Shall  be  at  least  4  Inches  greater  than  for  walls, 
and,  in  buildings  where  great  impact  possibilities  exist,  frequently  much 
thicker. 

9.  Strength.  Shall  have  strength  of  spans  consistent  with  surrounding 
conditions,  especially  posftble  impact  of  falling  bodies,  such  as'  walls,  safes, 
and   machinery. 

10.  Interior  Columns.  Where  spatt  is  sufficiently  large,  the  introductions 
of  interior  columns  or  girders  or  division  walls  may  be  necessary.  Steel 
columns  or  girders  shall  be  protected  with  at  least  2  inches  of  reinforced 
concrete. 

Floors. — >ii.  Thickness.'  Shall  be  at  least  12  inches  thick  where  laid  upon 
ground,  or  on  beams  to  permit  inspection,   and   thicker  if  deemed  necessary. 

Note. — To  permit  of  inspection  to  protect  against  tunneling  iiito  vaults, 
floors   are  sometimes   placed   on   parallel   beams. 

When  vault  is  over  one  story  high,  and  where  each  .story  is  entered 
separately,  the  floors  between  stories  shall  be  at  least  6  inches  thick  and 
not  pierced.  ^ 

12.  Flooring.  No  combu.  tible  surface  flooring  shall  be  used.  This  is  not 
intended  to  prohibit  the  limited  use  of  non-flammable  runners. 

Emtkancb  Enclosures. — 13.  Entrance  enclosures  are  recommended  to  pro- 
tect doors  of  very  important  vaults  against  fire  and  against  attack  by  mobs. 

DooRS. — 14.  Single  doors  (without  inner  doors,  creating  dead  air  spaces) 
shall  be  at  least  16  inches  thick,  and  shall  contain  at  least  6  inches  of  con- 
crete filling  of  as  large  an  area  as  the  design  will  permit. 

15.  When  double  doors  are  used,  outer  doors  shall  be  at  least  8  inches 
thick,  and  shall  contain  at  least  3  inches  of  concrete  filling,  and  of  as  large 
an   area  as  the   design  will  permit. 

16.  Emergency  doors,  if  provided,  shall  be  equal  in  strength  and  thick- 
ness to  main  door,'  and  an  interference  device  shall  be  provided  to  prevent 
the   main   door   being   closed    until   the    emergency   one   is   closed   and   locked. 

17.  Fit.  Outer  door  shall  be  stepped  or  tongued  and  grooved,  or  both, 
in  order  to  protect  against  fire,  smoke,  and  water. 

Important  doors  should  have  doors  and  jambs  ground  to  a  fit,  should  be 
provided  with  packing,,  and  such  doors  and  jambs  should  be  tested  for 
waterproofness    after   erection. 

It  is  suggested  that  packing  may  advantageously  be  provided  on  inner 
doors   as   additional   protection. 

x8.  When  double  doors  are  used,  inner  doors  shall  be  of  steel  plate,  at 
least  %  inch  thick,  reinforced  to  give  stability,  and  provided  with  suitable 
locking  mechanism. 

19.  The  air  space  between  inner  and  outer  doors  shall  be  at  least  12  inches. 

Interperence  Mechanism. — 20.  Shall  preferably  be  provided  so  as  to  make 
it  necessary  to  close  inner  doors  before  outer  ones,  when  double"  doors 
are  used. 

WATER-TrcHTNESS.— -21.  Walls,  roof,  and  floors  to  be  effectively  water- 
proofed,  but   no   combustible   material   shall   be   used    for   this   purpose. 

Where  vaults  are  located  in  basements'  or  at  other  low  points,  special 
provision  to  prevent  entrance  of  water,  such  as  raised  sills,  large  area  floor 
drUins   for   basement,   and   packing   in   grooves   may   be   warranted. 

Storage  vaults  often  can  have  raised  sills  without  inconvenience.  Operat- 
ing   vaults,    where    travel    through    openings,    including^itiz^^^  C^SO^^I^te    ** 
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frequent,  can  usually  not,  have  a  .sill  more  than  a  few  inches  high,  even 
where  proyidied  with  a  sloping  approach. 

Where,  there  is  ^  posaibility  of  water  entering  vaults,  contents  that  can 
be  damaged  by  water  should  not  be  placed  close  to  the  floor. 

VsNTiLATiQN. — 22,  Ventilation  of  interior  shall  be  only  through  doors. 
Walls,  floorsi  and  roofs  shall  not  be  pierced.  For  large  vaults,  inside  permar 
nent  duct  systems,  fed  by  temporary  section  of  ducts  when  doors  are  open, 
are  .used^., 

Intebxor  Equipment. — 23.  Shelving,  stairs,  book  lifts,  and  all  other  in- 
terior equipment  shall  be  entirely  of  metal.  Designs  embodying  compart- 
ments with,  doors  shall  be  used  for  the  storage  of  papers  or  other  com- 
bustible materials. 

Lighting. — 34.  a.  Shall  be  by  electricity  only,  and  wiring  shall  be  in- 
stalled in  accordance  with  the  National  Electrical  Code. 

b.  Where  possible  it  is  recommended  that  current  be  secured  through  a 
cord  carried  from  an  inside  connection  to  an  outside  one  and  after  the 
opening  of  the  door. 

c.  If  wiring  enters  the  vault  except  through  the  dodr  opening,  it  shall 
enter  the  vault  wall  near  the  floor,  be  encased  near  the  outer  surface  of 
the  Wall  to  a  point  near  the  ceiling  of  the  vault,  and  then  enter  the  vault. 

d.  The  closing  of  the  door  shall  automatically  cut  off  current  except  that 
some  emergency  lighting  may  remain  in  service,  and  that  provision  may. 
be  made   for  telephone,  annunciator,  and  alarm  connections. 

e.  Pendant  cords  shall  be  avoided.  If  used,  they  shall  be  of  reinforced 
type»  and  lamps  shall  have  guards. 

CLASS  B  VAULTS 

NoTE.:^— Vaults  usually  erected  in  tiers  and  designed  to  afford  a  large 
measure  of  protection  to  their  contents,  assuming  even  the  total  burn-out  of 
the  building  in  which)  the  vault  is  located. 

Area.— I.  Inside  floor  area  shall  not  exceed  150  square  feet.  Height 
will  naturally  be  similar  to  that  of  stories  where  a  tier  of  vaults  is  built. 

Material. — 2.  Concrete  or  Brick.  Reinforced  concrete  of  same  quality 
specified  for  Class  "A"  Vaults,  or  hard  burned  brick  laid  in  Portland  cement 
mortar   shall   be   used. 

3.  Reinforcement.  If  reinforced  concrete  is  used,  the  reinforcing  material 
shall  consist  of  steel  rods  at  least  ^  inch  in  diameter,  spaced  4  inches 
on  centres  and  running  in  both  directions  at  right  angles  to  each  other. 
These  rods  shall  be  securely  wired  together  at  intersections  not  over  12 
inches  apart  in  both  directions,  and  be  installed  in  centre  of  wall. 

Any  other  form  of  reinforcing,  of  equal  or  greater  cross  section,  may 
be  used. 

Rolled  beams  or  rails  are  frequently  used  for  floor  and  roof  reinforcement 
and  are  occasionally  used  in  walls  as  well,  both  to  secure  fire  and  burglar 
resisting  powers.  They  are  advised  in  the  case  of  roofs  because  of  their 
impact   resisting  powers. 

4.  Continuous  Construction.  The  principles  laid  down  for  Class  "A** 
Vaults  shall  be   followed   where   reinforced  concrete  is  used. 

Walls. — 5.  Support.  Shall  preferably  be  built  on  the  ground,  on  rock  if 
possible,  and  shall  have  footings  capable  of  carrying  the  load  without  danger 
of  settling. 

Where  walls  do  not  rest  upon  the  grottnd,  they  shall  rest  upon  steel 
framework,  which  is  insulated  against  heat  with  concrete  in  the  same  manner 
specified  for  Class  "A»*  Vaults.  Digitized  by  GOOglC 
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6.  Independent.  Shall  preferably  be  independent  of  the  walls  of  the 
building,  but,  if  not,  shall  be  effectively  bonded  to  the  building  walls.' 

7.  Thickness.  Concrete  walls  shall  be  not  less  than  X2  inches  thick  for 
3  upper  stories,  and  not  less  than  i6  inches  thick  for  next  3  stories  below. 
Brick  walls  shall  be  not  less  than  16  inches  thick  for  3  upper  stories,  and 
not  less  than   ao  inches  thick  for  next  3   stories  below. 

8.  Carrying  of  Floors.  Building  floors  shall  preferably  not  be  carried 
by  vault  walls,  but  if  so  carried  the  wall  thickness  at  no  point  to  be  less 
than  12  inches  in  the  case  of  concrete  and  not  less  than  16  inches  in  'that 
of  brick,  and  floor  beams  shall  be  self-releasing. 

Roof. — 9.  Thickness.  When  of  reinforced  concrete  shall  be  not  less  than 
12  inches  thick,  and,  where  top  of  vault  is  below  roof  of  building,  thickness 
may  need  to  be  increased  to  provide  strength  to  resist  impact. 

Brick  arch  roofs,  while  not  objectionable,  are  not  recommended.  If  used, 
minimum  thickness  of  arch  shall  be   16  irtfches.     Tie  rods  may  be  needed.  ■ 

10.  Strength.  Shall  have  strength  of  spans  consisteiit  with  surrounding 
conditions,  especially  possible  impact  of  falling  bodies,  such  as  walls,  safes 
and   machinery. 

Floors. — u.  Thickness.  Shall  be  not  less  than  8  inches  thick  if  of  rein- 
forced concrete  and  not  less  than   12  inches  thick  if  brick  arched. 

12.  Flooring.     No  combustible   flooring  shall  be   used. 

Doors. — ^These  specifications  closely  follow  the  National  Board  of  Fire 
Underwriters'  Regulations  for  the  Construction  and  Installation  of  Fire 
Doors  and  Shutters;  see  page  367. 

Inner  Dooks. — 19.  a.  Plates  to  be  not  less  than  %  inch  iron  or  steel. 
Plates  to  be  reinforced  around  all  edges  with  i  %  x  %  inch  bar  iron,  or 
equivalent,  secured  with  rivets  at  least  ^  inch  in  diameter'  and  spaced  not 
over  9  inches  on  centres. 

b.  Doors  to  be  provided  with  at  least  two  hinges  each,  material  to  be 
not  less  than  1%  x  %  inch,  secured  with  at  least  two  rivets  to  both  frame 
and  door. 

c.  Latches  to  engage  at  top  and  bottom,  and  at  least  at  one  point  on 
meeting  edges   of  doors.     Doors  to   fit   frames   tightly. 

Air  Space. — 20.  Between  inner  and  outer  doors  there  shall  be  at  least  12 
inches  of  air  space. 

Interfering  Mechanism,  Water-tightness,  Ventilation,  Interior  Equip- 
ment  and    Lighting. — Same   as   for   Class   "A"   Vaults. 

CLASS  C  VAULTS 

Vaults  erected  upon  the  framework  of  fireproof  buildings;  the  safetv  of 
such  vaults  is  directly  dependent  upon  the  fireproof  qualities  of  the  build- 
ings. Vaults  built  in  vertical  lines  make  it  possible  to  provide  particularly 
good   fireproofing  for  bays  in   which   such  vaults   are   located. 

Size. — i.    Inside   floor   area /shall   not   exceed    100   square    feet. 

Clearance  between  top  of  vault  and  lowest  structural  member  of  floor 
above  shall  not  be  less  than  12  inches,  and  space  between  top  of  vault  and 
floor  above  shall  be  closed  up  with  non-combustible  material  which  will 
readily-  crush  in  event  of  deflections  of  floors. 

Material. — 2)  Shall  be  of  reinforced  concrete  of  the  same  quality  as 
specified  for  Class  "A"  Vaults. 

Reinforcement  for  concrete  shall  consist  of  steel  rods  at  least  %  inch  in 
diameter,  spaced  4  inches  on  centres  and  running  in  both  directions  at  right 
angles  to  each  other.  These  rods  shall  be  securely  wired  together  at 
intersections  not  over  12  inches  apart  in  both  directions,  and  be  installed 
pentrall^  in  each  wafl.  Digitized  by  GOOglC 
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Any  oth6r  form  of  reinforcement,  of  equal  or  greater  cross  section,  may 
be  used. 

Wall8.~3*    Thickness.     Shall   be   at  least  8  inches  thick. 

Supports.  Shall  be,  in  so  far  as  possible,  built  upon  the  girders  and 
beaais  of  the  building.  Special  framework,  to  tak^  care  of  the  vault  loads, 
is  often  advisable.  Special  care  shall  be  exercised  in  firep  roofing  these 
supporting  members.     Columns  shall  not  pass  through  vaults  or  their  walls. 

4.  Independent.  Shall  be  independent  of  walls  of  buildings,  of  partitions, 
and  of  fireproofing  of  columns.  Each  vault  preferably  shall  be  independent 
of  other  vaults. 

Floors. — 5.  Floors  of  vaults  may  serve  as  floors  of  buildings  provided  the 
reinforcing  material  is  protected  with  at  least  2  inches  of  concrete. 

6.  Thickness.     Shall  be  at  least  8   inches  thick. 

7.  Flooring.      No   combustible   flooring  shall   be   permitted. 
Roofs. — 8.   Reinforcement.     Same  as  for.  floors. 

9.  Thickness.  Shall  be  at  least  8  inches  thick,  and  the  top  of  any  vault 
one  or  more  stories  below  the  roof  of  the  building  in  which  it  is  located 
shall  be  at  least  12  inches  thick,  providing  there  is  no  other  vault  imme* 
diately  above  it. 

zo.  Independent.  Roofs  of  vaults  shall  be  independent  of  floors,  roofs, 
or  ceilings  of  buildings. 

Dooss. — II.  Single  doors,  not  less  than  8  inches  thick,  and  containing  not 
less  than  3  inches  of  concrete,  are  considered  desirable  for  this  class  of 
vault.  By  means  of  packing  and  a  pressure  mechanism  considerable  water- 
tightness  can  be  secured.  Otherwise  the  double  type  of  door  shall  be  used, 
as  per  the   Class  "  6  "   Vault  specification. 

iNtERFBRING    MECHANISM,    WatER-TIGHTNSSS,    VENTILATIOIf,    INTERIOR    EqUIF- 

MENT   and   Lighting. — Same   as   for   Class   "A"   Vaults. 
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PROTECTION 

FIRE    PROTECTION    FOR    PEOPLE    IN 
BUILDINGS 

In  his  testimony  before  the  Stal;e  Factory  Investigating  Commis- 
sion in  1912,  Mr.  Rudolph  P.  Miller,  Superintendent  of  the  Bureau 
of  Buildings  for  the  Borough  of  Manhattan,  recommended  the 
adoption  of  radical  measures,  substantially  as  follows,  for  the  pro- 
tection against  fire  of  factory  workers  and  others: 

Systematic  inspection  to  see  that  safe  conditions'  are  maintained 
should  be  provided.  Ample  authority  should  be  given  to  the  ad- 
ministrative officer  to  secure  compliance  with  the  provisions  of  law. 
The  necessary  exit  facilities  and  physical  safeguards  should  be  pre- 
scribed in  .su6icient  detail  to  fix  a  safe  standard.  The  number  of 
occupants  should  be  limited  by  law  in  accordance  with  the  exit 
facilities*  provided. 

The  occupancy  of  a  new  building  or  the  change  of  occupancy  of 
an  existing  building  should  be  prohibited  until  a  certificate  has  been 
issued  by  the  proper  authority.  Fire  drills,  or  at  least  adequate 
instructions  to  employees  as  to  safeguarding  life,  should  be  de- 
manded in  all  workshop?  and  factories.  The  juripdjpticm  over  e^it 
facilities  and  inspection  in  connection  therewith  should  be  vested 
with  the  same. officials  that  administer  the  building  law. 

Stairs. — No  door,  stair  or  passageway  shall  be  less  than  3  ft.  4  in. 
in. the  clear.  AV  least  two  separate  staircases,  with  the  necessary 
doors  and  passageways,  shall  be  provided  for  any  building  over 
three  stories  in  height  or  over  3,000  sq.  ftin  area.  When  more 
than  one  is  required  the  stairs  shall  be  so  placed  that  at  least  one 
is  always  accessible  to  the  occupants  in  case  any  one  of  the  others 
is  rendered  impassable  for  some  reason,  and  that  it  shall  not  be 
necessary  to  travel  more  than  80  ft.  in  a  direct  horizontal  line  to 
reach  either  one  of  any  two.  All  stairs  shall  be  enclosed  in  an 
approved  fireproof  construction  and  shall  have  a  direct  eocterior 
outlet  to  the  street  or  to  a  court  leading  to  a  street,  at  the  ground- 
floor.  The  risers  and  treads  of  stairs  shall  be  so  proportioned  that 
the  stairs  furnish  a  safe  and  comfortable  line  of  travel.  .  ...  No 
flight  of  stairs  shall  have  a  vertical  rise  of  more  than  12  ft.  between 
floors  or  intermediate  platforms;  and  in  straight  runs  platforms 
shall  be  spaced  equidistant  between  upper  and  lower  limits. 
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Doors  and  Passageways. — ^The  aggregate  clear  width  of  doors 
and  passageways  intended  to  serve  as  exits  from  any  building  or 
part  of  a  building  shall  be  at  least  12  in.  for  every  twenty  persons 
to  be  accommodated,  provided  none  is  less  than  40  in.  wide. 

The  aggregate  clear  width  of  stairs  and  stair  halls  shall  be  such 
that  the  stairs  in  any  story  of  a  building  may  accommodate  at  one 
time  the  total  number  of  persons  ordinarily  occupying  or  permitted 
to  occupy  any  one  floor  above  the  flight  of  stairs  under  considera- 
tion, on  the  basis  that  at  least  20  in.  of  width  and  one  and  one-half 
treads  are  required  per  person. 

When  the  building  is  of  thoroughly  fire-proof  construction,  with 
no  communication  from  floor  to  floor  except  by  elevators  in  solid 
fireproof  enclosures  and  stairs  in  fire  towers  constructed  as  ^herein 
elsewhere  described  and  all  openings  to  the  outer  air  are  protected 
by  metal  and  wire  glass  windows  or  doors  of  approved  construction, 
a  reduction  of  ao  per  cent,  in  the  aggregate  width  may  be  made. 

When  an  approved  equipment  of  automatic  sprinklers  is  installed 
in  any  building,  a  reduction  of  25  per  cent,  in'  the  ag^egate  width 
specified  may  be  made. 

When  fire  walls,  of  such  strength  and  construction  as  to  resist 
fire  for  at  least  30  minutes;  equipped  with  adequate  openings  i)ro- 
tected  by  approved  automatic  fire  doors,  are  provided,  a  reduction 
of  33^  per  cent,  in  the  aggregate  width  specified  may  be  made. — 
From  the  Engineering  Record,  Sept.  14,  1912. 

Improvement  to  Existing  Fire  Escapes. — Considerable  atten- 
tion has  been  given  to  the  improvement  of  fire  escape  facilities  in 
the  Borough  of  Manhattan,  New  York,  by  the  Bureau  of  Buildings. 
Although  exterior  fire  escapes  are  considered  as  more  or  less  un- 
satisfactory makeshifts  on  account  of  their  exposure  to  flame  and 
smoke  and  for  other  reasons,  some  valuable  improvements  have 
recently  been  made  in  them. 

In  New  York  ordinary  outside  fire  escapes  generally  consist  of 
a  series  of  iron  balconies  at  the  several  stories,  connected  by  stairs 
and  providcfd  with  a  movable  ladder  to  be  let  down  from  the  lowest 
balcony  if  necessary.  It  was  found  that  these  ladders,  although 
limited  in  length  and  strength,  were  often  too  heavy  to  be  safely 
handled  by  the  people  forced  to  use  the  fire  escape,  and  that  fire- 
men were  frequently  required  to  assist  people  down  the  fire  escapes. 
It  is,  therefore,  recommended  that  the  lowest  ladder  shall  be  bal- 
anced with  a  counterweight  and  furnished  with  guides  to  insure  its 
control. 

In  cases  where  a  large  number  of  people  are  to  be  cared  for 
balanced  iron  stairs  are  recommended  to  give  a  higher  capacity 
than  is  possible  with  ladders.    As  the  use  of  balancing  ladders  or 
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stairs  permits  them  to  be  longer  the  height  oi  the  lowest  balcony 
above  the  street  may  be  increased  and  recourse  may  be  had  to  inter- 
mediate platforms,  as  shbwn  in  the  view  of  balanced  first-escape  stairs. 
For  factories,  schools  and  other  buildings  where  there  are  apt  to 
be  large  numbers  of  people,  exterior  stairways  with  steel  supports 
have  been.  requir<=^d.  The  capacities  of  some  ordinary  outside  fire 
escapes  have  been  greatly  vincreased  by  arranging  two  intersecting 
stairs  in  the  form  of  an  X  in  the  spaces  between  successive  balconies? 
usually  occupied  by  a  single  stair. — From  The  Engineering  Record. 
Sept.  21,  1912. 

Means  of  Egress  from  Buildings. — In  a  report  made  by  the 
National  Fire  Protection  Association  Committee  on  Safety  to  Life 
is  the  following  statement: 

**  It  has  long  been  recognized  that  the  common  outside  form  of  iron 
ladder-like  stairway  anchored  to  the  side  of  the  building  is  a  pitiful  delusion. 
This  device  fof  a  quarter  of  a  century  has  contributed  the  principal  element 
of  tragedy  to  all  fires  where  panic  resulted.  Passing  successively  the  window 
openings  of  each  floor,  tongues  of  flame  issuing  from  the  window  of  any 
one  floor  cut  off  the  descent  of  all  on  floors  above  it.  Iron  is  quickly 
heated  and  is  a  good  conductor  of  heat,  and  expansion  of  the  bolts,  stays 
and  fastenings  soon  pulls  the  framework  loose,  so  that  the  weight  of  a 
single  body  may  precipitate  it  into  the  street  or  alley.  Many  a  human 
being  has  grasped  the  hot  rail  of  such  a  *  fire  escape,'  only  to  release  it 
with  a  scream  and  leap  from  it  in  agony.  Its  platforms  are  usually  pitifully 
small,  and  a  rush  to  them  from  several  floors  at  once  jams  and  chokes  them 
hopelessly.  It  is  a  makeshift  creation  of  the  cupidity  of  landlords,  frequently 
rendered  still  more  useless  by  the  ignoijance  of  tetiants,  covered  up  with 
milk  bottles,  ice  boxes  and  other  obstructions." 

This  powerful  arraignmeht  unquestionably  is  deserved  by  a  very  large 
percentage  of  the  outside  fire  escape's  in  use  to-day.  The  following  common 
defects   exist   oil  many:  '    •  »     : 

(a)  Inaccessible  to  many  portions  of  buildings,  except  by  going  into  the 
halls,   which   may   be  impassable   owing  to  flames  and  smoke. 

(b)  Unshielded   against  fire   in   lower  stories. 

(c)  Poor  (Resign,  especially  as  regards  steepness  and  lack  of  width. 

(d)  Poor  supports.  Expansion  bolts  and  even  lag  screws  in  wooden 
plugs    have    been    used    to    support    fire   escapes. 

(e)  Absence  •  of  any  form  of  ladder  or  stair  from  the  second  floor  to  the 
ground,  or  complicated  and   inefiicient  arrangement   of   vertical   drop  ladders. 

(f )  Poor  condition.  Fire  escapes  ar«  generally  regarded  as  a  necessarj;  evil, 
and  receive  very  little  attention. 

Cg)  Ice' and  snow  covering. 

(h)  Used  for  storage.  • 

Covered  by  Model  Building  Code.— Part  IX  of  the  Building 
Code  of  the  National  Board  of  Fire  Underwriters  covers  this  sub- 
ject in  great  detail;  as  it  is  daily  becoming  more  generally  recog- 
nized that  the  question  of  safety  to  life  in  the  modern  factory  and 
office  building  is  one  worthy  of  considerable  expenditure  of  money, 
and  as  the  treatment  of  the  question  in  the  Building  P®A^/^.9Pf^**® 
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the  subject  better  than  any  other  description  now  before  the  public, 
this  entire  chapter  is  reprinted  below.  The  reference  to  sections 
is  to  other  parts  of  the  code.  Any  section  under  44  and  over  49 
will  be  found  on  pages  293  to  349,  inclusive. 

Section  44.  Number  and  Width  of  Exits  and  Doors. — i.  Every  build- 
ing, except  dwellings,  and  every  story  in  each  building  ab6ve  the  first, 
shall  have  at  least  two  means  of  exit  remote'  from  each  other;  one  of  these 
shall  open  to  a  street  or  fireproof  passage  leading  to  a  street,  and  one  may 
open  to  a  yard  or  other  space  deemed  safe  by  the  superintendent  and  of 
sufficient  area  to  accommodate  all  persons  in  the  building.  Two  means  of 
exit  remote  from  each  other  shall  be  provided  from  each  story  of  dwellings 
when   over   three   stories  in   height. 

2.  In  every  building  except  buildings  of  Class  D,  all  required  exit  doors 
in  the  first  story,  including  the  doors  of  vestibules,  shall  open  outwards. 
This  requirement  shall  not  prohibit  the  use  of  doors  which  swing  both  in- 
wards and  outwards,  nor  of  sliding  or  rolling  doors  in  stables,  garages, 
storerooms,  and  the  shipping  and  receiving  rooms  of  manufacturing,  mer- 
cantile   and    industrial   buildings,    where   approved    by   the   superintendent. 

3.  When  exit  doorways  have  a  clear  width  of  at  least  40  inches  each, 
the  aggregate  widths  of  such  doorways  shall  be  equal  to  the  required  width 
of  corridor  or  stairway  served  by  same.  When  individual  doors  are  less 
than  40  inches  wide,  there  shall  be  one  doorway  for  each  22  inches  of 
required  width  of  corridor  or  stairway  leading  to  same.  Every  doorway 
shall  be  at  least  28  inches  wide  in  the  clear.  All  passageway  exit  doors 
shall  swing  in  the  direction  of  exit  travel,  except  in  case  of  horizontal  exits 
where    direction    of   travel   may   be   indeterminate. 

All  exit  doors  leading  from  rooms  having  an  occupancy  of  15  or  over, 
shall  open  in  the  direction  of  exit  travel,  except  in  schools  where  fire  drills 
are    organized    under    control    of    the    teachers. 

Note. — In  schools  where  pupils  are  trained  in  fire  drill,  it  is  considered 
essential  that  classroom  doors  should  open  inwards,  as  they  are  better  adapted 
to  positive  control  by  the  teachers  in  time  of  panic.  If  necessary,  a  teacher 
can  back  against  a  door  and  hold  it  until  the  pupils  are  in  marching  order, 
and   the   proper   time   arrives   for   them   to   file   out. 

4.  The  opening  of  one  door  shall  not  be  permitted  to  obstruct  another, 
and  the  arc  of  opening  of  doors  which  open  upon  stairway  landings  or 
platforms  shall  not  reduce  the  width  of  the  passageway  to  less  than  the 
required  width  of  the  stairs. 

5.  Every  room  having  an  occupancy  of  more  than  75  persons  shall  have 
at  least  two  doorways  remote   from   each  other  leading  to  exits. 

6.  Hallways  or  corridors  at  the  street  or  court  level  furnishing  exit  from 
stairways,  shall  be  not  less  in  width  than  the  aggregate  width  of  the  required 
stairways  which  they  serve.  Every  hallway  or  corridor  which  may  serve 
as  aQ  exit  for  50  or  more  persons,  shall  have  at  least  44  inches  of  width 
for  the  first  50  persons  and  6  inches  additional  for  each  additional  50  persons 
to  be  accommodated  thereby.  This  computation  shall  be  based  on  the  number 
of  persons  in  the  story  having  the  largest  occupancy  served  by  said  corridor. 

7.  At  all  times  when  any  loft  or  space  is  occupied  for  manufacttiring  or 
mercantile  purposes,  the  fastenings  or  locks  on  exit  doors  shall  be  such  as 
may  be  easily  opened  from  the  inside  without  the  use  of  keys. 

8.  A    clearly    painted    sign    marked    "  EXIT ''    in    letters    not    less    than    6 

inches  in  height,  sjiall  be  placed  over  all  exits  in  the  above  specified  buildings. 

The   elevators   shall   be   provided   with   similar   signs   marked   "  ELEVATOR." 

Such  sijgns  shall  be  illuminated  when  necessary  by  means  of  artificial  lighting. 

The  color  of  such  light  shadl  be  green.  t  v-kr-^rrl/^ 
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Note. — It  has  been  customary  to  designate  an  exit  by  a  red  light,  but  State 
and  National  Safety  Organizations  have  adopted  green  as  the  standard  color 
to  indicate  safety,  and  red  to  signify  danger.  It  is  therefore  consistent  that 
exit  signs  which  betoken  safety,  should  be  marked  by  green  lights. 

9.  Elevators,  escalators  and  revolving  doors  shall  not  be  considered  in 
calculating    exit    requirements. 

10.  Entrances  and  doors  in  tenement  houses,  theatres,  motion  picture 
theatres,  and  places  of  public  or  private  entertainment,  shall  be  as  else- 
where provided. 

Section  45.  Stairs  and  Stairways,  Construction  of. — i.  All  buildings 
which  are  used  above  the  first  floor  for  manufacturing  or  bttsiness  purposes, 
or  for  public  assemblage,  or  for  any  purpose  whatever  if  over  three  stories 
or  40  feet  ^high,  except  armories,  court  houses,  dwellings,  fire  houses,  jails, 
libraries,  museums,  police  stations,  prisons,  railway  stations,  and  similar 
buildings,  shall  have  the  required  stair  shafts  sei>arately  and  continuously 
enclosed,  as  specified  in  Sections  90  and  93.  In  fireproof  buildings-  all  stairs, 
platforms,  landings,  and  stair  hallways,  including  the  flooring,  shall  be  of 
fireproof   construction. 

Enclosure    for   stair   hallway,    same   as   stair   shaft.    Sec.    115,   par.    7. 

2.  All  stairs,  platforms,  landings,  balconies  and  stair  hallways,  shall  be 
of  sufficient  strength  to  sustain  safely  a  live  load  of  not  less  than  100 
pounds  per  square  foot  for  interior  construction,  and  150  pounds  per  square 
foot  for  exterior  construction,  with  a  factor  of  safety  of  4  in  each  case; 
and  except  iii  dwellings  shall  conform  to  all  the  requirements  of  th'.s  section 
as  to  hand  rails,  newels,  landings,  widths,  exits,  and  prohibition  against 
winding  treads.  The  space  beneath  any  stairway  built  in,  whole  or  in  part 
of  combustible  material  shall  be  left  entirely  open  or  be  completely  enclosed 
without    door    or    other    opening. 

3.  No  stories  in  any  building  shall  be  connected  by  an  open  shaft  or 
stairway   except   dwellings   and   buildings   provided   in   paragraph    i. 

4.  Stairways  used  as  required  means  of  exit  shall  be  at  least  44  inches 
wide  between  faces  of  walls,  or  40  inches  wide  between  face  of  wall  and 
an  open  balustrade,  or  between  two  open  balustrades.  All  such  widths 
shall .  be  clear  of  all  obstructions  except  that  hand  rails  attached  to  walls 
may  project  not  more  than  3%  inches  within  them.  If  newels  project  above 
tops  of  rails,  a  q^ear  width  of  at  least  44  inches  shall  be  provided  between 
the  faces  of  the  newel  and  the  face  of  the  wall  or  newel  opposite.  All 
stairs  shall  have  walls  or  well-secured  balustrades  or  guards  on  both  sides, 
and  except  in  dwellings,  shall  have  hand  rails  on  both  sides.  A  stairway 
of  7  feet  or  more  In  width  shall  be  provided  with  a  continuous  intermediate 
hand  rail  substantially  supported.  All  stairs  shall  have  treads  and  risers  of 
uniform  width  and  height  throughout  each  flight;  the  rise  shall  be  not  more 
than  7%  inches,  and  the  tread  exclusive  of  the  nosing  not  less  than  9^ 
inches.  Stairways  exceeding  13  feet  in  height  shall  have  an  intermediate 
landing,"  at   least   3    feet  in  length. 

Note. — For  staSrways  in  primary  schools  it  may  be  advisable  to  reduce 
the    height   of   risers  here   given.    . 

Buildings  in  which  there  may  be  a  congregation  of  people  for  civic,  political, 
educational,  religious  or  amusement  purposes,  except  as  provided  for  theatres 
and  in  those  used  for  the  care  or  treatment  of  persons,  all  stairs  exceeding 
8  feet  in  height  shall  have  an  intermediate  landing  at  least  3  feet  in  length. 

5.  No  arrangement  of  treads  known  as  winders  shall  be  permitted  in 
required  stairways  between  the  level  of  the  top  floor  and  the  street,  excepting 
in  publid  and  other  special  buildings  where  the  use  and  arraKsemeiit  is 
approved    by   the   superintendent.  Digitized  by  V^jOOQLC 
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6.  Whenever  the  treads  or  landings  are  of  slate,  marble,  stone  or  com- 
position, they  shall  be  supported  for  their  entire  length  and  width 'by  a 
solid  metal  plate  at  least  %  inch  thick,  securely  fastened.  If  stairs  are 
of  incombustible  material,  other  than  metal,  and  trisads  and  landings  are 
each  solidly-  supported  for  their  entire  length  and  width  by  masonry,  metal 
supports  for  treads  may  be  omitted. 

7.  All  stairways  that  serve  as  required  means  of  exit  for  one  or  more 
of  the  upper  four  stories  of  every  building  shall  be  continued  their  full 
width  to  the  roof,  and  shall  lead  by  a  direct  line  of  travel  to  the  first 
story,  and  open  directly  on  the  street,  or  to  an  open-air  or  fireproof  passage 
leading  to  the  street,  or  to  a  yard  or  court  connected  with  the  street.  Such 
fireproof  passage  shall  be  not  less   than   7   feet  in  height. 

8.  The  continuity  of  all  stairs  which  may  be  used  for  exit  purposes,  shall 
be  interrupted  at  street  level  by  partitions  or  doors  or  other .  means  which 
will  make  clear  the  direction  of  egress  to  the  street. 

Note. — ^The  purpose  of  this  is  to  prevent  trapping  in  the  basement  of 
people  who  are  trying  to  escape  to  the  street. 

9.  Every  enclosed  stairway  shall  be  provided  with  an  adequate  system  of 
lighting,  arranged  to  insure  reliable  operation  when  through  accident  or 
other  causes   the   regular   lighting   is   extinguished. 

10.  All  required-stairways  shall  be  constructed  in  one  of  the  following 
three  ways,   and  shall   be   known   as  stair  exits: 

(a)  Enclosed  Interior  Stairwiys.  The  stairs,  landings,  platforms,  and 
passageways  connected  therewith,  shall  be  completely  enclosed  by  fireproof 
partitions  of  the  standard  required  in  Sections  90  and  93,  except  that  no 
glass  panels  shall  be  permitted  in  the  doors  in  buildings  of  Class  A  not 
exempted    in    paragraph    i. 

(b)  Smokeproof  Tower.  The  stairs,  landings,  and  balconies  or  platforms, 
shall  be  solid  and  completely  enclosed  as  required  for  interior  stairways  In 
Section  90,  and  shall  extend  from  the  sidewalk,  court,  or  yard  level,  to  and 
abovte  the  roof  to  form  a  bulkhead.  There  shall  be  no  openings  in  any  wall 
separating  the  stairway  from  the  building,  but  fixed  or  automatic  fire-windows 
sufficient  for  lighting  purposes  are  not  objectionable  in  the  exterior  walls, 
provided  they  are  not  subject  to  fire  exposure  hazard  from  the  same  or 
nearby  buildings.  Access  shall  be  provided  to  the  stairway  from  every  story 
of  the  building  by  outside  baloncies  of  steel  or  masonry,  or  by  vestibules 
within  the  walls  of  the  building  but  open  on  at  least  one  side.  Every  such 
balcony  or  vestibule  shall  have  an  unobstructed  width  of  at  least  44  inches, 
and  shall  open  upon  an  open  space  not  less  than  100  square  feet  in  area. 
The  balcony  or  vestibule  shall  be  provided  with  a  solid  incombustible  floor. 
Railings  of  steel,  or  other  approved  incombustible  material,  shall  be  provided 
not  less  than  4  feet  high.  Access  to  the  balcony  or  vestibule  from  the 
building  and  to  the  stairways  from  the  balcony  or  vestibule  shall  be  by 
approved  self-closing  fire  doors  not  less  than  40  inches  wide  and  7  feet  high, 
which  shall  swing  in  the  direction  of  exit  travel.  The  doors  shall  be  pro- 
vided with  locks  or  latches  with  visible  fastenings  requiring  no  keys  to  open 
them.  A  wired  glass  panel  not  exceeding  720  square  inches  shall  be  provided 
in  the  door  opening  into  the  stair  shaft.  The  level  of  the  balcony  or 
vestibule  floor  shall  be  not  more  than  7%  inches  below  the  door  sill  of  the 
building.  Landings  in  such  stairways  shall  be  of  a  width  that  the  doors 
in  opening  into  the  stairway  shall  not  reduce  the  free  passage-way  of  the 
landing  to  a  width  less  than  the  width  of  the  stairway.  Figure  62  shows 
typical  arrangements  for  smokeproof  towers.  Figures  64  to  68  are  photo- 
graphs illustrating  diffierent  architectural  treatment  of  eocterior  balcony 
connection   to   smokeproof   towers.  Digitized  by  V^jOOQ IC 
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NoTB  I — It  Is  recommended  that  the  balustrades  enclosing  the  balconies 
of  smokeproof  towers  be  of  sheet  metal  or  other  suitable  solid  material. 
This  would  give  confidence  to  the  timid,  and  afford  valuable  protection 
from  smoke  and '  flames  issning  from  a  door  or  window  beneath  the  balcony. 

For  the  saipe  reasons,  the  balustrades  of  outside  exit  stairways,  where 
directly  over  or  near  wall  openings,  should  be  enclosed  in  the  same  manner. 

Note  2 — The  use  of  a  smokeproof  tower  or  stairway  is  recommended  a» 
one  of  the  best-known  means  of  safe  escape  from  a  burning  building.  At 
the  same  time  it  provides  a  protected  position  from  which  firemen  can 
attack   a   fire  on   any  floor. 
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(c)  Outside  Exit  Stairways.  Such  stairs  shall  be  connected  to  each  story 
by  means  of  an  approved  self-closing  fire  door  and  incombustible  balcony. 
The  door  shall  be  not  less  than  40  inches  wide,  and  the  balcony  shall  be 
the  same  width  as  the  stairs.  All  wall  openings  within  10  feet  of  stich 
stairs  shall  be  protected  by  approved  self-closing  fire  doors  on  doorways, 
and    automatic  or  fixed  fire  windows  on  window  openings.     No  riser  on  such 


Reproduced  by  permission. Nat'l  Bd.  of  Fire  Und's. 

Fig.  64. —  Smokcproof  tower  with  outside  balcony 
entrance.  Note  solid  platform,  an  excellent 
construction. 


stairs  shall  be  nearer  than  4  feet  to  any  such  wall  opening,  except  to  doors 
giving  access  to  the  same.  Metal  mesh  or  other  rigid  guards  at  least  4 
feet  high  shall  be  provided  on  each  side  of  such  stairway  throughout.  Figs. 
69  to  73  illustrate  different  methods  of  construction.  Provisions  shall  be  made 
to    properly  drain   the  stairs   ^nd   landings. 

Notk  I — It  is  very  important  th^  outside  exit  stairways  be  so  placed  that 
they  arc  not  in  front  of  or  over  windows.  Although  the  windows  be  pro- 
tected by  wired  glass,  the  heat  radiated  through  them  from  a  fire  in  the 
bfuilding   might   easily   make    it   impossible    for   people   to   pass,   and   there   is 
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always  the  added  danger  of  flame  and  smoke  from  a  window  Which  for  some 
reason  is  open.  If  such  windows  are  strictly  necessary,  the  stairway  should 
be  set  awajr  from  the  building  not  less  than  four  feet,  as  required.  Portiona 
of  such  stairways  over  or  near  windows  should  be  made  solici,  and  additional 
safety  for  travel  in  cold  and  wet  weather  would  Be  secured  by  making  all 
treads .  and    landings    with    non-slipping    surfaces. 


Reproduced  by  permission  Nat'l  Bd  of  Fire  Und's. 

Fig.  6$. — Smokeproof  tower  Con  the  right)  connected  to 
building  by  open  balcony.  Arrangement  is  good,  ex- 
cept the  windows  opening  upon  the  balcony,  and  the 
metal  grating  flooring. 


Note  2 — The  ordinary  so-called  "  fire  escapes,"  consisting  of  steel-framed 
balconies  attached  to  a  wall  and  connected  by  narrow  steel  ladders  or 
steps  leading  from  openings  in  the  floors  of  the  balconies,  are  considered  very 
inefiicient  and  unsafe  means  of  exit.  If  any  considerable  number  of  people 
attempt  to  use  such  an  exit  in  time  of  fire  panic,  it  quickly  becomes  so 
congested  that  travel  is  very  much  impeded  or  entirely  blocked.  If  fire 
occurs  on  the  floor  below  that  from  which  people  are  endeavoring  to  escape, 
and  the  windows  facing  such  exit  are  not  protected  by  wired  glass,  the 
fire  escape  is  worthless;  and  even  with  wired  glass  the  exit  is  of  doubtful 
value  because  of  the  intense  heat  which  radiates  through  the  windows.     Such 
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means  of  exit  should  neVer  be  permitted  except  upon  existing  buildings^ 
where  the  number  of  people  to  be  accommodated  by  them  is  small,  and  where 
structural  conditions  are  such  that  it  is  impossible  to  secure  anything  better. 
They  are  not  recognized  as  a  required  means  of  exit  in  this  code. 

The  horizontal  exit  and  the  three  types  of  stairways  specified  in  section  45 
are  all  efficient  and  safe  means  of  exit.  The  outside  exit  stairway  is  the  least 
desirable  of  the  four,  since  when  wet  or  covered  with  ice  or  snow  it  is  more 
difficult  to  travel.  A  roof  over  the  stairway  would  lessen  this  defect.  Com- 
pletely enclosing  the  stairway  would  render  it  nearly  as  efficient  as  a  smoke- 
proof   tower. 

Horizontal  exit,  Sees.  46,  par.  '2,   (c),  and  47. 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 

Fig.  66. — An  artistic  arrangement  of  a  smokeproof  tower,  which  does 
not  disfigure  a  building 


The  Committee  on  Safety  to  Life  of  the  National  Fire  Protec- 
tion Association  reports: 

Except  they  be  enclosed  in  a  tower,  outside  stairs,  even  if  well  designed 
and  erected,  are  not  recommended  on  buildings  over  six  stories  in  height. 
The  fundamental  reason  lies  in  the  timidity  of  persons  at  a  considerable 
height,  no  matter  how  safe  the  conditions  may  actuallytizleiby  CjOOQ IC 
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Also   that: 

After  being  erected,  outside  stairs  shall  be  painted. 

Outside  stairs  shall  be  scraped  and  painted  at  least  once  a  year  thereafter. 

Outside  stairs  shall  be  kept  clear  of  incumbrances. 

Outside  stairs  shall  be  promptly  cleaned  aftef  snow  or  ice  has  accumulated 
upon   them. 

No  obstructions   such   as   lighting  or   telephone   wires i  shall   be   permitted   on 
or   near   outside   stairs. 

Particular  attention   should   be   paid   to   possible   interference   by   awnings   at , 
windows   or    over   sidewalk,    and    to    other   obstructions   at   or    near    the    street 
level. 


ReiMXxluced  by  pomiasion  Nat'l  Bd.  of  Fire  Und's. 

Fig.  67.. — An  excellent  arrangenlcnt  of  two  types  of  approved  emergency  fire 
exits    communicating    to    the    same    building.      Smokeproof    tower    on    the 
left,  and  outside  stairway  on  the  riglit.     Solid  floors  would  be  an  improve- 
ment. 
Section  46.     Requirkmj:nts  for  Exits  and  Stairways. — r.^  Every  building 

hereafter    erected,    and    every    building    altered    or    C(»t¥ee^dd:i€l0^ai^a9e    its 
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occupancy,  excepting  dwellings,  tenement  houses,  theatres,  and  assembly  halls, 
which  are  elsewhere  provided  for,  shall  have  exits  and  stairways  as  required 
in  this  section. 

2.  (a)  The  term  Aoor  area  in  this  section  shall  mean  the  entire  space  in  a 
given  story  between  exterior  walls,  fire  walls  or  fire  exit  partitions,  except 
that  in  computing  such  area  the  space  occupied  by  walls,  partitions,  columns, 
and  all  shafts  may  be  excluded. 


Reproduced  by  permiasion  Nat'l  Bd.  of  Fire  Und's. 

Fig.  69. — Two  types  of  outside  exit  stairways.  One  with  stair  flights  parallel, 
and  the  other  at  right  angles  to  the  building.  The  former  has  the  defect 
of  windows  facing  the  stairway.  In  time  of  panic,  such  stairs  would  be 
safer   if   constructed  with   risers. 

(b)  The  term  gtair  exit  in  this  section  shall  be  as  required  in  paragraph 
10,   Section  45. 

(c)  The  term  horutontal  exit  shall  be  understood  t6  mean  one  or  more 
openings  through  or  around  a  fire  wall,  fire  exit  partition,  or  any  wall 
separating  two  buildings;  no  such  opening  shall  be  less  than  30  inches  wide: 
Or    such    an    exit    may    be    an    exterior    bridge    orgitibsdiepasEii  connecting    two 
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buildings  or  two  floor  areas  of  the  same  building^  Where  there  is  a  dif- 
ference in  level  between  connected  buildings  or  floor  areas,  gradients  shall 
be  provided  of  not  more  than  i  foot  in  6  feet  where  practicable.  The 
bridges  or  balconies  shall  be  not  less  than  44  inches  wide,  and  shall  be 
constructed  of  incombustible  material,  and  enclosed  on  the  sides  at  least  4 
.feet  high.  All  exterior  exposing  openings  in  connected  buildings  or  floor 
areas    within    10    feet   of  bridge   or   balcony   shall   be   protected   by   fire   doors 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 

Fig.  70. — Another  method  of  outside  exit  stairway  con- 
struction. Compare  framing  with  similar  stairway 
on  left  of  Fig.  69.  The  windows  opening  upon  both 
stair  flights  and  landings  are  a  serious  defect. 

or  fire  windows  with  fixed  or  automatic  sash.  The  floor  of  a  bridge  or 
balcony  shall  be  not  more  than  7%  inches  below  the  door  sill  opening  upon 
it;  the  connecting  floor  within  the  building  shall  be  not  more  than  i  inch 
below  the  sill.  Every  such  bridge  or  balcony  when  enclosed  shall  be  pro- 
vided with  means   for  lighting. 

Fire    exit    partitions    to   provide    horizontal    exits,    Sec.    47. 

l^ire    walls    as    horizontal   exits.    Sec.    29,    par.    4.       Digitized  by  GoOglc 
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All  horizontal  exits  sliall  be  provided  with  self-closing  fire  doors.  Such 
doors  shall  be  kept  unlocked  during  the  occupancy  of  any  portion  of  the 
floor  areas  or  connected  buildings.  No  glass  shall  be  used  in  such  doors 
when  used  on  exits  through  fire  walls  as  provided  in  Section  29,  paragraph  4. 
Wired  glass  may  be  used  in  doors  in  other  horizontal  exits  provided  it 
conforms   to   the    requirements   of   Section   47,   paragraph   4. 

Requirements    iclr   self-closing    fire-doors,    Sec.    29,    par.    4,    Note. 


Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und'a. 

Fig.  71. — Very  safe  arrangement  of  outside  exit  stairway.  Arrow 
indicates  a  metal  guard  plate  3  feet  wide  erected  to  protect  land- 
ings from  flames  that  might  issue  from  windows. 


The  available  floor 'area  on  each  side  of  a  horizontal  exit  shall  be  sufficient 
for  the  joint  occupancy  on  the  basis  of  not  less  than  3  square  feet  of 
unobstructed  space  per  person,  and  shall  be  provided  with  at  least  one 
stairway  as  defined  in  Section  45.     « 

Note. — As  a  means  of  rapid  and  safe  egress  from  a  burning  building,  the 
use  of  horizontal  exits  through  or  around  a  fire  wall  or  a  fire  exit  partition 
are    very    strongly    recommended.      Such    an   exit    would    afford    an    area    of 
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quick  refuge  upon  either  side.  An  important  feature  of  the  horizontal  exit 
is  that  it  removes  necessity  for  hasty  fliffht  down  long  stairways  in  case  of 
fire.  The  physical  effort  of  hurrying  down  stairs  from  a  height  of  evca 
eight  or  ten  stories  is  excessive,  especially  for  those  who  are  not  strong. 
In  still  higher  buildings  there  is  always  danger  of  stairways  becoming  blocked 
by  people  collapsing  from  exhaustion  before  reaching  the  street  level.  Much 
of  this  danger  is  removed  when  people  know  they  are  safe. 

The  efficiency  of  a  horizontal  exit  as  a  means  of  escape  from  fire,  is 
considered  three  times  that  of  an  equal  width  of  stairway.  See  Note  in 
paragraph  6. 

3.  (a)  In  all  buildings  not  exempted  in  paragraph  i  of  this  section,  one 
of  the  two  required  means  of  exit  from  every  floor  area  above  the  first 
floor  shall  be  a  stair  exit,  and  the  other  may  be  a  stair  exit  or  a  horizontal 
exit.  No  part  of  any  floor  area  above  the  first  floor,  excepting  buildings 
of  Class  F,  shall  be  more  than  100  feet  distant  from  an  entrance  to  one 
such   means  of  exit. 

When  a  building  over  35  feet  in  height  is  occupied  for  business  purposes 
on  the  lower  floors  and  for  the  home  of  not  more  than  two  families  on 
the  .floors  above,  at  least  one  continuous  enclosed  stairway  shall  be  provided 
to  the  street  level  through  the   stories  occupied  for  business. 

(b)  In  buildings  of  Class  E,  over  55  feet  high,  except  office  buildings, 
one  of  the  two  required  means  of  exit  shall  be  either  a  smokeproof  tower 
or  an  interior  enclosed  stairway  with  self-closing  doors  opening  into  hall- 
ways which  are  also  enclosed  with  fireproof  partitions  as  specified  in  Section 
115,   paragraph    z. 

(c)  In  every  building  over  90  feet  in  height  one  of  the  required  means 
of  exit   shall   be   a  smokeproof  tower  or  a  horizontal  exit   as   herein   defined. 

4.  In  determining  the  occupancy  of  any  building,  the  width  of  stairways 
required  for  any  floor  area  above  the  first  floor  shall  be  determined  by  the 
number  of  persons  occupying  such  floor  area,  computed  on  the  basis  of 
fourteen  persons  for  each  22  inches  width  of  stairway,  plus  one  person 
for  every  3  square  feet  of  hallway  floor  and  stairway  landings  in  the  story 
height  of  such  floor,  excepting  that  in  any  building  where  a  system  of 
automatic  sprinklers  is  installed  throughout  the  entire  building,  the  number 
and  width  of  stairways  may  be  computed  on  the  basis  of  twenty-one  persons 
for  each  22  inches  width  of  stairway;  and  excepting  that  when  horizontal 
exits  are  provided  as  required-  in  paragraph  2  (c)  of  this  section,  the  number 
and  widths  of  required  stairways  for  floor  areas  above  the  first  floor  may  be 
diminished  to  a  basis  of  fifty  persons  for  each  22  inches  width  of  horizontal  ~ 
exit,  provided  that  in  no  case  there  shall  be  less  stairway  or  means  of  exit 
than   required   in   paragraph   3,    (a)    and    (b)  .of   this   section. 

Note. — In  all  building  codes  the  treatment  of  exits  must  necessarily  be 
largely  theoretical  until  more  systematic  study  of  the  subject  has  been  made, 
and  the  correctness  of  conclusions  based  thereon  have  been  demonstrated 
under   practical    service   conditions. 

As  a  fundamental  principle,  exit  requirements  are  a  function  of  the  occu- 
pancy of  a  building  and  not  of  the  area.  To  promote  safety  to  life,  two 
means  of  egress  should  be  required  froni  every  floor  of  every  building  subject 
to  exit  specifications,  irrespective  of  its  area.  Beyond  this,  exit  calculations 
should  be  based  solely  upon  the  number  of  occupants. 

The  method  herein  employed  for  computing  exit  requirements,  is  not  claimed 
to  be  all  that  could  be  desired.  It  is  an  attempt  to  provide  safety  without 
too  drastic  demands,-  and  is  based  upon  the  best  information  available,  ex- 
perience may  prove  that  changes   should  be  made. 

5.  Exits  shall  also  be  provided  from  the  cellar,  basement,  and  first  story 
of  every  building  as  may  be  required  by  the  superintendent. 

Note. — In  buildings  where  large  numbers  of  people  arc  employed  it  is 
urged  that  fire  drills  be  organized  and  practiced  frequently  enough  to  keep 
the  employees  familiar  with  their  operation.  The  emplojrees  snould  also 
be  taught  that  when  once  they  have  entered  an  enclosed  stairway,  or  passed 
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tbrough  a  horizontal  exit,  they  are  safe,  and  can  then  proceed  leisurely  to 
tlie  street  with  no  necessity  for  undue  haste  or  crowding.  Conspicuous 
notices  explaining  these   facts  should  be  posted  in  all  exit  stairways. 

Section  47.  Fire  Exit  Partitions. — i.  Partitions,  erected  to  furnish  hori- 
zontal exits,  shall  be  built  of  fireproof  materials.  No  construction  shall  be 
itped  for  such  partitions  less  than  5  inches  thick,  unless  it  has  been  approved 
•lifter  a  fire  test;  in  no  case  shall  such  partition  be  less  than  4  inches  thick 
if  of  block  or  tile  construction,  or  less  than  3  inches  thick  if  of  reinforced 
concrete  or  solid  metal  lath  and  cement  plaster  construction,  except  as  herein 
permitted   for  non-fireproof   buildings. 

When  tile  or  block  partitions  are  less  than  5  inches  thick,  substantial  pro- 
tected reinforcement  shall  be  provided  at  intervals  not  exceeding  20  feet  in 
length  to  resist  the  effect  of  buckling  due  to  heat. 

Requirements  for  horizontal  exits.   Sec.   46,  par.   2,    (c). 
■  2.  Fire  exit  partitions  shall  be  supported  at  each  floor,  and  shall  be  securely 
^chored  to  the  walls,  floor,  and  ceiling  of  the   rooms  which  they  subdivide. 
In'  fireproof  buildings  such  partitions  shall   rest   upon   the   fireproofing  of  the 
floor. 

3.  In  non-fireproof  buildings  five  exit  partitions  shall  be  not  less  than  3 
inches  thick  if  of  block  or  tile  construction,  and  not  less  than  2^  inches 
thick  if  of  reinforced  concrete  or  solid  metal  lath  and  cement  plaster  con- 
struction, and  shall  be  continuous  through  all  stories  of  the  buildings  and 
be  placed  one  above  the  other.  The  space  between  floor  joists  included 
between  the  top  of  a  partition  in  one  story,  and  the  bottom  of  the  corre- 
sponding partition  in  the  story  above,  shall  be  completely  fire-stopped  with 
incombustible  material. 

Fire-stopping  of  partitions.   Sec.   97,  par.   3. 

Note. — In  non-fireproof  buildings  it  is  recommended  that  fire  exit  parti- 
tions i>e  of  masonry  construction  not  less  than  8  inches  thick,  extending  con- 
tinuously  from  cellar  to  roof. 

4.  Doorways  in  fire  exit  partitions  shall  be  not  more  than  60  feet  apart, 
but  doorways  may  be  omitted  if  approved  means  of  exit  around  the  parti- 
tions are  provMed.  No  openings  other  than  doorways  protected  by  fire 
doors,  shall  be  placed  in  such  partitions  except  that  fire  windows  not  exceed- 
ing %  of  I  per  cent  of  the  area  of  the  partition  may  be  permitted  where 
strictly  necessary  for  purposes  of  observation.  Such  fire  windows  snail  have 
fixed  sash,  and  may  be  placed  either  in  the  partition  itself  or  in  the  doors. 
Windows  placed  in  partitions  shall  also  be  protected  by  automatic  dosing 
iire  shutters.  No  single  pane  shall  exceed  144  square  inches  in  area,  and 
not  more  than  one  pane  shall  be  placed  in  a  door. 

Note  i.— The  amount  of  glazed  surface  in  such  partitions  should  be  kept 
as  small  as  possible  owing  to  the  danger  that  in  case  of  fire,  the  heat 
radiating  through  the  glass  would  make  the  area  of  refuge  untenable  before 
the  people  who  fled  to  it,  could  escape  by  other  exits.  There  would  also 
be  tne  added  danger  of  panic  if  a  large  portion  of  the  burning  area  were 
freely    exposed    to    view. 

Note  2. — To  promote  safety  to  life  it  is  recommended  that  buildings  of 
Class  C,  also  office  buildings  and  tenements,  should  not  have  above  tbe 
first  story,  floor  areas  in  excess  of  2,000  square  feet,  without  providing  a 
horizontal  exit.  In  buildings  of  that  type  this  provision  can  be  easily  and 
inexpensively  accomplished  in  a  variety  of  ways. 

Section  48.  Exits  and  Protection  for  Existing  Buildings. — i.  Where 
the  exit  facilities  of  existing  buildings  are  found  by  the  superintendent  of 
building  construction  to  be  inadequate,  additional  exits,  sprinklers,  or  other 
protection  shall  be  provided  of  approved  types. 

Note. — The  construction  of  fire  exit  partitions  to  provide  horizontal  exits 
in  existing  buildings,  is  probably  the  simplest,  cheapest,  and  most  efficient 
method  of  affording  real  safety  to  occupants  in  case  of  fire.  They  are  par- 
ticularly applicable  to  floor  areas  where  many  persons  are  employed  or 
liable  to  congregate,  also  in  the  upper  stories  of  buildings  where  outside 
succor  would  be  difficult  or  impossible.     See  Note,  Sec.  46,  par.  2,   (c). 

Section  49.  Engineers*  Stationary  Ladders. — Every  building  in  which 
high-pressure  steam  boilers  are  placed  in  the  cellar  or  lowest  story  shall 
have  stationary  iron  ladders  or  stairs  from  such  story  leading  direct  to  a 
manhole  through  the  sidewalk  or  other  outside  exit  in  addition  to  another 
approved  means   of   entrance   and  exit.  Digitized  by  CjOOQ IC 


SIGNALLING  SYSTEMS 

Ranking  only  slightly  below  automatic  sprinkler  systems  as  a 
life-saver  and  property  guardian  against  fires  are  the  various  sig- 
nalling systems.  These  are  of  several  kinds  and  p^mbinations', 
from  simple  gongs  or  whistles  which  can  be  pulled  from  different 
places  in  the  plant  to  the  modern  automatic  system  operated  by 
thermostats. 

Whatever  form  of  signalling  system  is  adopted,  if  it  depends  upon 
a  human  agency  to  put  it  in  operation,  it  is  of  vital  importance  to 
impress  upon  every  one  in  the  plant  that  the  first  duty  on  the  dis- 
covery of  a  fire  is  to  make  sure  the  fire  alarm  has  been  sent  in,  and 
only  after  that  to  attempt  to  extinguish  the  fire.  Delayed  alarms 
have  been  the  cause  of  many  of  the  holocausts  of  recent  years.  A 
few  seconds  quicker  sounding  of  the  alarm  often  means  the  lives 
of  many  of  the  workers,  and  generally  means  saving  the  plant,  as 
notwithstanding  how  well  trained  and  powerful  the  private  brigade 
is,  the  help  that  can  be  obtained  from  the  public  fire  department  is 
often  inestimable. 

Interior  Fire  Alarm  Service 

Auxiliary  fire  alarms  come  under  the  head  of  private  fire  noti- 
fication, and  form  a  very  valuable  adjunct  to  the  municipal  systems. 
The  necessity  of  having  alarms  transmitted  promptly  to  the  fire 
department  by  whoever  discovers  fire  would  seem  to  be  self-evi- 
dent, and  yet  comparatively  little  attention  has  been  paid  to  this 
feature  as  regards  ability  to  send  out  the  alarm  from  inside  the 
risk.  In  a  few  cases  we  find  that  a  private  city  fire  alarm  box  has 
been  installed,  but  this  is  not  common.  Much  ingenuity  as  well  as 
money  has  been  spent  on  the  fire  department  house  and  its  appur- 
tenances to  save  every  second  possible  after  alarm  has  been  re- 
ceived; also,  as  regards  the  city  fire  alarm  system,  that  no  delay 
may  be  occasioned  after  alarm  box  has  operated;  but  when  we 
come  to  the  risk  itself  we  find,  as  a  rule,  no  means  of  using  to 
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best  advantage  the  public  alarm  or  the  fire  department,  owing  to 
the  fact  that  whoever  discovers  fire  frequently  piust  waste  several 
valuable  minutes  in  reaching  the  fire  alarm  box,  which  may  be 
several  blocks  distant.  Even  supposing  there  is  a  fire  alarm  box 
at  risk,  the  fire  may  be  located  at  some  distance  from  the  box,  as 
on.  the  top  floor  of  a  high  building,  or  in  some  other  building  of 
the  risk,  necessitating  a  considerable  delay  where  seconds  count. 
The  auxiliary  fire  alarm  system  largely  eliminates  this  defect,  and 
its  use  should,  therefore,  be  encouraged.  The  system  is  simple, 
and  when  properly  installed  with  auxiliary  boxes  located  on  each 
floor  and  at  such  points  .that  not  more  than  200  feet  will  have  to 
be  traversed  in  order  to  reach  a  box,  we  haye  a  device  which  will 
save  valuable  time  at  the  start,  and  thereby  we  can  make  full  use 
of  the  public  fire  department,  which  is  maintained  at  a  great  ex- 
pense and  able  to  render  efficient  service  if  promptly  notified  of  fire. 

Pneumatic  and  Electric  Thermostat  Systems 

Of  the  greatest  value  in  any  plant  must  be  placed  the  thermostat 
signalling  system;  these  are  ever  on  the  watch  for  a  fire  and  if 
properly  maintained  can  be  counted  upon  to  sound  alarms  for  fires 
one  or  two  minutes  before  sprinklers  operate  and  in  many  cases 
quite  a  time  before  the  fire  would  be  discovered  by  a  watchman  in 
his  rounds.  One  of  the  disadvantages  to  a  systetn  of  this  kind  has 
been  that  thoroughly  reliable  thermostats  had  not  been  brought  out. 
Only  in  recent  years  have  any  been  approved  by  the  Underwriters' 
Laboratories,  and  the  unapproved  ones  have  given  much  trouble  on 
account  of  false  alarms  and  other  trouble. 

Every  hazardous-process  plant,  and  all  having  many  employees 
whose  life  would  be  endangered  by  fire  should  be  equipped  with 
thermostat  alarm  systems.  It  is  probably  only  a  question  of  time 
before  these  will  be  required  by  law  in  department  stores,  loft  build- 
ings and  many  factories. 

The  Underwriters'  Laboratories  list  two  types  of  thermostat  sys- 
tems, pneumatic  and  electric;  the  first  is  known  by  the  trade  name 
of  *'Aero "  when  sold  by  one  company  and  *"  Compensating "  by 
another  company ;  the  electric  are  the  "  May-Oatway "  and  the 
"  Reichel."    These  are  described  as  follows  : 


Pneumatic  Thekmostat. — ^These  systems  utilize  the  principle  of  the 
sion  under  heat  of  air  contained  in  a  small  copper  tube  which  is  installed 
along  ceilings  or  pipings.  Tube  leads  to  contact-closing  and  test  devices  of 
special  type.  The  expansion  of  air  in  tube  actuates  a  diaphragm  closing  an 
electric  circuit  whereby  signal  is  transmitted. 

These  devices  as  sold  by  the  manufacturers  are  standard  subject  to  the  fol* 
lowing  conditions:  Digit.ed  by GOOglC 
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1.  Inspection  departments  having  jurisdiction  to  be  consulted  in  all  cases 
before  installations  are  made. 

2.  Tubing  to  be  installed  to  comply  .as  to  location,  distribution  and  spacing 
with  the  following  requirements: 

a.  Each  circuit  having  but  one  electrical  contact  device  must  consist  of 
a  continuous  length  of  tubing  not  exceeding  i,ooo  feet  in  length,  without 
branches  or  alternative  paths. 

b.  Where  two  or  more  electrical  contact  devices  are  connected  to  a  single 
line  of  tubing  one  such  device  must  be  placed  not  more  than  i,ooo  feet  from 
each  end  of  the  tubing  circuit,  and  adjacent  contact  devices  must  not  be 
more, than    1,500   feet  apart. 

c.  Where  necessary,  tubing  must  be  protected  against  mechanical  injury 
as  may  be  required  by  the  Inspection  Department  having  jurisdiction. 

d.  Tubing  must  be  enclosed  in  conduit,  or  otherwise  insulated  or  lagged 
where  this  is  necessary  in  order  properly  to  isolate  the  signals  on  the 
annunciator. 

e.  In  every  enclosed  space  or  separate  room  there  must  be  at  least  two 
and  one-half  per  cent  of  the  total  length  of  the  tubing  comprising  the 
circuit  where  only  one  electrical  contact  device  is  used,  or  two  and  oiie-half 
per  cent  of  the  length  of  tubing  between  any  contact  device  and  an  end  of 
the.  circuit,  or  of  the  length  between  adjacent  contact  device  where  more 
than   one  per  circuit  is  used. 

f .  In  no  case  shall  less  than  10  feet  of  tubing  be  used  in  any  enclosed 
space  or  separate  room. 

g«  Lines  of  tulnng  shall  be  so  disposed  throughout  the  area  to  be  protected 
that  they  shall  be  not  more  than  30  feet  apart,  and  so  that  no  point  on 
the.  ceiling  will  be  more  than  15  feet  from  the  nearest  point  of  the  tubing. 

h.  Tubing  may  be  run  either  directly  on  ceilings,  or  on  side  walls,  if  the 
tubing  is  placed  not  more  than  20  inches  below  ceilings,  or  on  the  lower 
sides  of  timbers  or  projections. 

i.  In  rooms  where  timbers  or  other  projections  form  bays  more  than  one 
foot  deep,  each  bay  must  be  treated  as  a  separate  fire  area. 

3.  Central  station  equipments,  local  equipments,  electric  devices  and  circuits 
abd  other  portions  of  this  system  other  than  the  tubing  and  the  pneumatic 
devices  connected  with  it  to  comply  in  all  respects  with  the.  general  require- 
ments  for    automatic   fire   alarm   systems. 

4.  Labels. — Tubing  for  these  systems  constructed  according  to  standard 
specifications  and  inspected  at  factory  under  the  supervision  of  Underwriters* 
Laboratories,  bears  tag  reading:    "  Underwriters*  Laboratories,  Inc.,  Inspected 

Tubing   for  Automatic   Fire.  Alarm   No (50   feet).     This  tag  must 

be  preserved  after  tubing  is  installed."  One  such  tag  for  each  length  of 
tubing  installed  should  be  preserved  in  transmitter  case  at  risk  as  permanent 
record  of  tubing  used.  Each  detector,  annunciator  and  transmitter  for  this 
system  constructed  according  to  standard  specifications  and  inspected  at  fac- 
tory  under  supervision  of  Underwriters*  Laboratories,  bears  label  reading  is 
above. 

Electric  Thermostat. — Electric,  closed-circuit  central-station  systems,  with 
detectors,  transmitting,  recording  and  testing  devices.  Central  station  and 
local  equipments,  devices,  circuits  and  portions  of  these  systems  other  than 
detectors  or  thermopiles  to  comply  with  the  general  requirements  for  auto- 
matic fire  alarm  systems. 

Labels. — Each  indicator   set,  4etector,   thermopile,   transmitter^^^QiQ^  L&uc, 
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and  central  station  relay  constructed  according  to  standard  specifications  and 
tested  under  the  supervision  of  Underwriters'  Laboratories  bears  a  label. 

May-Oatway. — The  thermostat  or  detector  of  this  system  consists  of  a 
copper  wire  hung  beneath  a  steel  bar  and  provided  with  an  electric  contacting 
device  at  its  middle  point. 

Detectors  to  be  installed  to  comply  as  to  location,  distribution  and  spacing 
with  the  following  requirements:  Maximum  floor  area  for  one  7^-foot 
detector,  750  square  feet.  Maximum  floor  area  for  one  5-footr  detector,  500 
square  feet.  Maximum  distance  apart  between  detectors,  in  general,  40  feet; 
in  corridors,  60  feet.  Maximum  distance  between  centers  of  detectors  nearest 
walls  and  such  walls,  20  feet  (30  feet  from  ends  of  corridors). 

•*  ReicheL" — ^This  system  employs  thermopiles  of  special  design  connected 
in  a  series  circuit  with  special  alarm,  testing  and  transmitting  devices.  Cur- 
rent generated  in  the  thermopiles  by  heat  resulting  from  a  fire  actuates  the 
transmitting  device.  Thermopiles  are  to  be  installed  to  comply  as  to  location, 
distribution  and  spacing  with  the  following  requirements:  Maximum  floor 
area  for  one  thermopile,  400  square  feet.  Maximum  distance  apart  between 
centers  of  thermopiles,  in  general,  25  feet;  in  corridors,  40  feet.  Maximum 
distance  between  centers  of  thermopiles  nearest  walls  and  such  walls,  10 
feet  (20  feet  from  ends  of  corridors). 

As  a  safeguard  against  water  damage  especially,  and  also  to 
enable  a  quick  response  of  the  fire  department  in  case  it  is  needed, 
every  automatic  sprinkler  system  should  have  a  sprinkler-flow  alarm 
system  provided.  Also  to  ensure  the  proper  maintenance  of  the 
sprinkler  system,  the  supervisory  alarm  is  absolutely  necessary. 

Ai5  mentioned  above,  an  early  notification  of  the  public  fire  depart- 
ment is  of  vital  importance ;  the  use  of  manual  fire  alarm  system  or 
auxiliary  service  to  a  street  fire  alarm  box  furnishes  ready  means 
of  obtaining  this  and  is  usually  considerably  cheaper  than  some  of 
the  other  forms.  This  auxiliary  fire  alarm  service  is  used  exten- 
sively in  all  the  larger  cities,  particularly  in  office  buildings  and 
large  factories,  where  someone  is  usually  available  at  all  times;  its 
service  is  very  satisfactory  where  the  apparatus  is  properly  main- 
tained. Although  recognized  by  the  underwriters  by  a  reduction  in 
rates  in  many  parts  of  the  country,  no  regulations  have  been  issued 
by  the  National  Board  of  Fire  ;Underwriters  covering  its  use  or 
installation. 

In  the  preamble  to  the  requirements  issued  by  the  National  Board 
of  Fire  Underwriters  for  other  signalling  systems,  which  are  given 
below,  it  is  stated  that: 

Especial  importance  is  placed  upon  the  methods  employed  in  testing,  in- 
specting and  maintaining  signaling  systems.  None  of  these  systems  is  suf- 
ficiently automatic  to  do  away  with  the  necessity  for  periodical  inspections 
and  working  tests  of  all  of  their  parts.  Such  systems  must  be  under  the 
supervision  of  a  responsible  person,  satisfactory  to  the  municipal  authorities 
and  the  Inspection  Department  having  jurisdiction,  who  shall  causs  proper 
tests  and  inspections  to  be  made  at  frequent  intervals  and  have  general 
charge  of  all  alterations  and  additions.  Records  of  such  tests  and  inspec- 
tions should  be  kept  accessible  to  the  Inspection  Departaient  and  others 
Interested.  Digitized  by  V^OOg IC 
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SIGNALLING  SYSTEMS* 

Part  I 

Class  A — ^Wiring  for  all  Systems 

NoTC. — For  other  rules  governing  wiring  for  signaling  systems  which  are 
hazardous  only  because  of  their  liability  to  become  crossed  with  electric  li^ht. 
heat  or  power  circuits,  reference  should  be  made  to  the  "  National  Electrical 
Code." 

1.  Underground  Wires. — ^To  secure  the  largest  measure  of  safety  and 
efficiency  in  the  operation  of  signaling  systems  all  wires  outside  of  buildings 
should   be  placed   underground. 

2.  Aerial  Wires. — Where  from  the  nature  of  the  case  it  is  impracticable 
to  place  wires  underground  the   following  rules  must  be  observed: 

a.  Must  be  equipped  at  points  where  they  enter  buildings  with  approved 
heavy  current  protectors. 

b.  Must  be  equivalent  in  conductivity  and  tensile  strength  to  No.  14 
galvanized  iron  (12  B.  &  S.)  where  single  wires  are  used,  and  to  No.  16 
B.  &  S.  hard  drawn  copper  where  cables  are  used. 

c.  Must  have  an  approved  insulating  covering.  Line  wires  must  have  a 
good  weatherproof  Covering,  consisting  of  a  thoroughly  saturated  and  filled 
braided  covering  at  least  1/32  inch  in  thickness.  Wires  in  cables  to  have 
same  covering  as  single  wires  and  in  addition  a  substantial  filled  covering 
around  the  several  wires.  Service  wires  to  building  and  boxes  must  have 
an  approved  rubber  covering.     See  list  of  Electrical  Fittings. 

d.  Must,  when  strung  on  poles,  be  supported  at  least  every  150  feet,  and 
as  far  as  possible,  run  under  rather  than  over  electric  light  and  power  wirea. 

Where  wires  are  carried  along  the  outside  walls  of  buildings,  they  must 
have  an  approved  rubber  insulating  covering,  and  must  be  supported  at  least 
every   12  feet. 

3.  Wires  Inside  Building. — a.  Must  be  equivalent  in  conductivity  and 
tensile  strength  to  No.  16  B.  &  S.  copper  wire  where  single  wires  are  used, 
and  to  No.   18   B.  &  S.   copper  wire  where  cables  are  used. 

Note. — For  the  wiring  in .  Central  Stations — Sections  "  c  **  and  "  f  "  may  be 
modified    as    circumstances    demand. 

b.  Must  have  an  approved  covering,  consisting,  except  as  noted  below,  of  a 
rubber  insulation  at  least  one  thirty-second  of  an  inch  in  thickness  and  a 
substantial  braid  both  constructed  in  accordance  with  the  National  Electrical 
Code  for  rubber  wire.  For  open  work  in  dry  places  and  for  tubing  and 
wooden  moulding  a  filled  braided  covering  at  least  1/32  inch  in  thickness 
may  be  used. 

c.  Unless  encased  in  approved  tubing  or  thoroughly  filled  moulding  must, 
except  as  hereinafter  provided,  be  run  in  plain  sight  and  entirely  supported 
on  non-combustible  insulators  placed  not  more  than  8  feet  apart,  and  so 
arranged  that  the  insulating  covering  of  the  conductors  will  come  in  contact 
with  no  other  substances  than  the  designed  supports,  the  protecting  bushings 
and  the  connecting  Instruments. 

d.  Must  be  protected  from  abrasion  and  from  accidental  contact  with  other 
conductors.  Where  subject  to  severe  mechanical  injury,  substantial  boxing  or 
iron  conduit  must  be  used  on  side  walls,  otherwise  approved  moulding  may 
be  used.  "^  Wires  should  be  run  over  rather  than  under  pipes,  and  their  cover- 

•  Regulations  of  the  National  Board  of  Fire  Underwrileti^dbyCjOOglC 
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Ings  must  be  separated  from  contact  with  all  pipes  by  a  solid  insulating  sub- 
stance creating  a  separation  of  at  least  %  inch.  Special  attention  must  be 
paid  to  the  mechanical  execution  of  the  work.  Careful  and  neat  running, 
taping  of  wire,  and  attaching  and  securing  of  fittings  are  required. 

e.  Must  be  installed  as  far  as  possible  without  joints.  Where  joints  are" 
necessary,  they  must  be  mechanically  and  electrically  secure,  and  covered 
with  an  insulation  equal  to  that  on  the  conductors. 

f.  Must,  in  bay  construction,  follow  contour  of  ceiling,  and  not  be  strung 
from  beam  to  beam.  In  joisted  construction,  unless  run  parallel  with  joists, 
must  be  placed  in  moulding  or  have  a  4-lnch  wide  wood  backing  strip  with 
Icnobs  or  cleats  fastened  to  the  bottom  of  this  strip.  ^ 

g.  Must,  where  exposed  to  mechanical  injury,  and  between  batteries,  trans- 
mitters, testing  apparatus,  annunciators,  bells,  etc.,  be  enclosed  in  boxing, 
moulding  or  approved  conduit. 

h.  Must,  when  passing  through  iron,  brick,  stone  or  any  damp  partition 
or  through  any  floor,  be  protected  by  approved  bushings. 

NoTB. — Glass  and  porcelain  are  approved  for  bushings.  Where  from  the 
nature  of  the  case,  it  is  impossible  to  use  glass  or  porcelain,  approved  flexible 
tubing  may  be  used.     See  list  of  Electrical  Fittings. 

Class  B — Energy  for  all  Systems 

4.  Central  Energy. — ^The  following  sources  of  energy  are  given  in  their 
order  of  preference: 

1.  Storage  Batteries. — ^To  be  in  duplicate  sets,  each  set  capable  of  operat- 
ing the  system  at  full  capacity  for  60  hours,  installation  to  be  in  a  room 
provided  with  suitable  ventilation  and  effectually  separated  from  that  contain- 
ing other  fire  alarm  apparatus. 

Cells  should  be  mounted  on  glass  and  porcelain  supports,  secured  to  metallic 
frames  suitably  protected  from  corrosion,  except  that  when  cells  too  large 
to  be  so  mounted  are  used,  such  cells  may  be  mounted  on  suitable  glass 
insulators. 

At  least  two  reliable  independent  sources  of  charging  current  to  be  pro- 
vided. It  is  preferable  that  the  voltage  of  the  charging  circuit  be  not  over 
250  volts.  Batteries  to  be  'protected  by  approved  enclosed  fuses  in  tight 
metal  cabinets  at  the  battery  terminals. 

Note. — It  is  recommended  that  all  copper  conductors  in  battery  room  be 
coated  with  lead — applied  directly  on  the  copper. 

Suitable  provision  to  be  made  on  a  switchboard  for  charging  the  batteries, 
with  approved  means  of  protecting  them  against  injury  due  to  interruption 
of  charging  current,  to  reverse  charging  current  or  to  excessive  rate  of 
charge;  also  provision  for  shifting  the  respective  batteries  from  charging 
to  working  and  from  working  to  charging  without  opening  any  of  the  work- 
ing circuits  during  the  process  of  shifting,  and  so  that  charging  current 
cannot  be  accidentally  connected  to  any  of  the  working  lines  during  the 
process  of  shifting. 

2.  Motor  Generators. — A  sufficient  number  of  motor  generators  to  be  pro- 
vided to  supply  all  circuits  without  overloading  aAy  machine,  and  with  a 
reserve  capacity  equivalent  to  one-half  of  the  total  capacity  of  the  station. 
Motor  generators  to  be  driven  from  all  available  independent  exterior  sources 
of  energy,  and  also  by  a  special  generating  plant  in  the  headquarters  build- 
ing, driven  by  some  form  of  prime  mover  constantly  available  for  immediate 
operation. 

With  either  battery  or  motor  generator  source  of  energy ^he  voltage  applied 
to  maintain  normal  line  current  on  circuits  must  be  such  that  the  line  current 
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will  not  be  reduced  below  Mie  operating  value  by  the  simultaneoua  action  of 
eight  (8)  transmitters. 

5.  Local  BATTsaiu. — In  cities  having  a  complete  system  of  underground 
distribution  for  electric  light,  heat  or  power,  the  Inspection  Department  having 
jurisdiction  may  permit  connection  with  such  systeih  in  lieu  of  local  batteries. 

a.  Must  be  located  in  a  place  favorable  to  their  operation  and  maintenance. 

b.  Must  be  enclosed  to  prevent  mechanical  injury,  but  be  readily  accessible 
for  inspection. 

Class  C— Central  Stations 

Before  acceptance  is  obtained  for  any  equipment  operating  through  a  central 
station,  the  company  must  file  with  the  Inspection  Department  having  juris- 
diction, a  general  description  of  the  apparatus  it  proposed  to  install,  together 
with  such  detailed  information, and  drawings  as  are  necessary  to  the  complete 
understanding  of  the  operation  of  the  system.  It  must  also  furnish  such  daily 
reports  to  its  customers  and  the  Inspection  Department  having  jurisdiction,  as 
may  be  required. 

If  the  Inspection  Department  requires  it,  the  operating  company  shall  also 
furnish: — 

First. — Diagrams  showing  the  manner  in  which  it  proposes  to  connect  the 
various  equipments  to  its  central  station  and  deliver  signals  to  the  patrol  and 
city  department. 

Second. — A  satisfactory  guarantee  as  to  its  ability  to  render  this  service 
and  as  to  the  maintenance  and  efficiency  of  its  system.  • 

6.  Heaoquartbks. — a.  Must  be  located  in  a  building  provided  with  fire 
protection,  satisfactory  to  the  Inspection  Department  having  jurisdiction*  and 
be  eqiupped  with  the  necessary  instruments  of  an  approved  pattern  for  auto- 
matically receiving  and  recording  all  signals.  The  time  of  the  receipt  of 
signals  must  also  be  recorded,  preferably  by  an  automatic  device. 

b.  Must  have  at  least  two  competent  men  on  duty  constantly,  and  in  addi- 
tion, maintain  a  runner  service  so  arranged  that  any  building  protected  can 
be    reached  within   15  minutes. 

All  runner  service  maintained  must  be  suflkient  so  that  the  two  operators 
will  always  be  in  attendance,  except  that  only  in  an  extreme  case  one  of 
the  operators  may  be  used  as  a  runner.  All  runners  shall  be  of  matuce  age, 
and  one  such  man  shall  also  be  in  charge  of  the  central  station. 

c.  Must  have  two  independent  means  of  transmitting  alarms  to  the  fire 
department. 

d.  One  approved  hand  chemical  extinguisher  and  six  sand  pails  to  be  pro- 
vided for  each  3,500  sq.  ft.  of  floor  area.  When  any  portion  of  the  building 
is  occupied  as  a  stable,  garage,  machin'e  shop  or  for  storage  purposes  used  in 
connection  with  the  maintenance  of  the  system,  the  part  thus  occupied  to 
be  protected  by  an  approved  system  of  automatic  sprinklers. 

Devices,  Circuits,  etc. — a.  Must  be  designed  and  installed  so  as  to  suc- 
cessfully meet  the  most  severe  conditions  obtained  in  practice  and  no  change 
nor  alteration   shall  be   made  in   same  without  approval. 

b.  Must  be  arranged  so  that  interference  of  signals  will  be  impossible 
under  any  conditions  likely  to  be  met  in  practice. 

c  Must  automatically  register  at  the  central  station  distinctive  trouble 
signals  when  any  part  of  the  wiring  system  is  grounded,  broken  or  impaired, 
so  as  to  prevent  the  normal  operation  of  the  system. 

d.  Must,  from  the  risk  to  the  central  station,  under  normal  conditions, 
employ  complete  metallic  circuit  for  the  transmission  of  signals  and  depend 
uoon  an  earth  return  circuit,  if  at  all,  only  for  transmitting  trouble  si| 
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except  that  where  fire  signals  are  transmitted  over  two  independent  circuits 
by  the  same  piece  of  apparatus,  the  two  circuits  may  have  earth  return. 

e.  Must  be  arranged  to  receive,  record  and  transmit  to  fire  d^artment  and 
insurance  patrol  the  box  number  of  the  building  from  which  an  alarm  has 
been  received. 

f.  A  terminal  board  of  slate  or  marble  must  be  provided.  Each  side  of 
each  entering  circuit  must  be  equipped  with  protectors  especially  approved 
for  this  service. 

g.  Approved  automatic  devices  to  be  provided,  by  means  of  which  openings 
of  circuits  will  be  immediately  announced  by  visual  and  audible  signals. 
Manual  tests  of  all  circuits  to  be  made  at  least  four  times  during  each  24 
hours. 

In  every  case  facilities  must  be  provided  for  making  the  following  test — 
current  strength  on  each  circuit;  this  current  to  be  adjusted  to  normal 
before  making  the  other  tests.  Voltage  across  terminals  of  each  circuit  at 
the  inside  terminals  of  protective  devices.  Voltage  between  ground  and 
each  side  of  each  circuit.  Voltage  between  positive  side  of  each  circuit 
aod  negative  side  of  ill  other  circuits. 

Class  D — Manual  Fire  Alarm  Systems 

8.  Boxes  and  Manuals. — a.  Must  be  of  ^an  approved  type;  be  used  for  no 
other  purpose,  and  must  be  arranged  to  give  a  signal  from  each  box  or  manual. 

Note. — A  box  such  as  is  approved  for  Central  Station  Night  Watch  and 
Fire  Alarm  Systems  may,  however,  be  used  if  desired. 

b.  Must  be  located  near  all  main  exits  and,  in  addition,  must  conform  to 
the  following: 

1.  Must  be  located  so  that  from  any  part  of  the  plant  equipped  not  more 
than  200   feet  will  have  to  be  traversed  in  order  to  reach  a  box. 

2.  Must,  where  buildings  are  more  than  one  story  in  height,  have  a  box 
on  tht  first  story,  and  at  least  one  in  alternate  stories;  i.  e.,  3d,  5th,  7th,  etc 
Where  buildings  have  single  floor  area  of  7,500  square  feet  or  ovfcr,  there 
shall  be   at  least  one   box  on  each   floor. 

Note. — If  risk  has  multiple  tenant  occupancy.  Inspection  Departments  may 
require  additional  boxes  to  those  called  for  above. 

3.  Must,  where  any  plant  or  building  equipped  is  divided  into  sections, 
have  the  boxes  in  each  section  to  agree  with  above  rules,  account  not  being 
taken  of  the  boxes  in   any  other  section. 

c.  Not  over  40  boxes  or  transmitters  shall  be  permitted  on  a  single  circuit 
Editor's  Note. — This   was  amended   In   1916  to  permit   50  boxes. 

9.  Tests. — ^AU  boxes  to  be  tested  at  least  monthly,  a  record  of  these  tests 
being  made. 

Class  E — ^Automatic  Fire  Alarm  Systems  and  Thermostats 

Note. — Only  systems  operating  through  a  Central  Station  are  approved. 

10.  Circuits  and  Apparatus. — a.  Must  be  arranged  to  transmit  to  oentr^ 
station  the  box  number  of  the  building  in  which  a  thermostat  has  operated, 
and  unless  floor  number  is  transmitted  with  alarm,  must  automatically  register 
the  floor  number  on  an  annunciator  located  as  required  by  the  Inspection 
Department  having  jurisdiction. 

b.  Must  be  so  arranged  that  not  more  than  fifteen  building  equipments 
will  be  connected  on  a  single  circuit  unless  the  circuit  is  mainly  underground, 
in  which  case  the  number  of  equipments  shall  not  exceed  twenty-five  (25), 
except  by  special  permission  of  the  Inspection  Department  having  juiisdiction. 
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c.  Tlnndmittcrs,  manual  alarm  boxes,  testing  boxes  and  annunciators  must 
be  of  an  approved  make,  and  so  located  that  a  considerable  jar  cannot  start 
their  inechanism.  I 

IX.  IwsTAiXATiON  OF  Thksmostats. — For  all  Systems. — a.  Must  be  placed 
throughout  premises,  including  inside  of  all  closets,  in  basements,  lofts,  ele- 
vator wells  and  under  stairs.  Special  instructions  must  be  obtained  relative 
to  placing  them  under  large  shelves,  decks,  benches,  tables,  overhead  storage 
racks,  and  platforms,  and  inside  small  enclosures,  such  as  drying  and 
heating  boxes,  caul  boxes,  tenter  and  dry  room  enclosers,  chutes  and  cup- 
boards. No  portion  of  the  premises  shall  be  excepted  without  written 
consent. 

Special  instructions  must  be  obtained  from  the  Inspection  Department  hav- 
ing jurisdiction  as  to  the  location  of  high  teat  thermostats  in  boiler  rooms, 
heating  boxes,  skylights,  etc. 

b.  The  distance  from  wall  or  partition  not  to  exceed  one-half  the  distance 
between   thermostats   in   the   same   direction. 

c.  A  line  of  thermostats  to  be  run  on  each  side  of  partition.  This  rule 
applies   to   both   solid   and  alatted   partitions. 

d.  Special  instructions  to  be  obtained  fr<Hn  the  Inspection  Department 
having  jurisdiction  relative  to  location  of  thermostats  under  :floors  'ind  i^eofs 
of  panels  or  other  unusual  construction  and  for  which  provision  is  not 
hereinbefore  made. 

e.  Must  be  supported  in  all  cases  indepandently  of  their  attachment  to  the 
wires,  except  when  cleats  or  knobs  are  within  one  foot  of  each  side  of 
thermostats. 

f.  Thermostats  for  hatch  closers  must  be  placed  at  the  top  of  the  elevator 
well  or  hoistway  equipped,  and  on  the  ceiling  below  each  floor  opening  in 
such  numbers  and  so  arranged  in  each  case  as  may  be  required  by  the, Inspec- 
tion   Department  having  jurisdiction. 

For  Systems  Employing  Thermostats  Operating  at  a  Fixed  Temperature. 
— ^.  Under  mill  ceilings  (smooth  solid  plank  and  timber  construction,  6  to 
13  feet  bays)*  one  line  of  thermostats  should  be  placed  in  center  of  each 
bay  and  distance  between  the  thermostats  on  each  line  not  to  exceed  the 
following:  8  feet  in  12  foot  bays;  9  feet  in  11  foot  ba3rs;  10  feet  in  10 
foot  bays;  11  feet  in  9  foot  bays;  12  feet  in  6  to  8  foot  bays. 

Measurements  to  be  taken  from  center  to  center  of  timbers. 

Special  instructions  should  be  asked  where  rule  allows  thermostat  spacing 
to  be  over  10  feet,  because  special  conditions  may  require  the  Tnspectioa 
Department  having  jurisdiction  to  modify  the  rule. 

h.  Under  joisted  ceiling,  >open  finished,  distance  between  thermostats  not  to 
exceed  8  feet  at  right  angles  with  joints  or  10  feet  parallel  with  joists. 

^  Exception. — An  excei)tion  may  be  made  to  this  rule  if  the  conditions  war- 
i^nt,  vi2.,  special  permission  may  be  given  to  install  but  one  line  of  thermo- 
stats in  bays  10  to  11^  feet  wide  from  center  to  center  of  the  timbers  which 
support  the  joists.  In  all  cases  where  such  bays  are  over  11%  feet  wide,  two 
or  more  lines  of  thermostats  should  be  installed  in  each  bay  as  required  by 
the  rules  for  spacing.  This  does  not  apply  where  beams  are  flush  with  the 
joists,  in  which  case  thermostats  may  be  spaced  as  called  for  in  Rule  h. 
Where  permission  is  given,  ^  the  thermostats  should  be  placed  closer  together 
on  a  line  so  that  in  no  case  will  the  area  covered  by  a  single  thermostat 
exceed  80  square  feet.     Also  see  Rule  d. 

1.  Under  smooth  sheathed  or  plastered  ceiling  in  bays  6  to  12  feet  wide 
(measurement  to  be  taken  from  center  to  center  of  timber,  girder  or  other 
projection  or  support  forming  the  bay)  one  line  of  thermostats  to  be  placed 
in  center  of  each  bay,  and  distance  between  the  thermostats  on  each  line 
not  to  exceed  the  following:    8  feet  in  12  foot  bays;  9  feet  in  11  loot  bays; 
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zo  feet  in  6  to  lo  foot  bays.  Bays  in  excess  of  X2  feet  in  width  and  less 
than  as  feet  in  width  to  contain  at  least  two  lines  of  thermostats;  bays  2$ 
feet  in  width  or  over  to  have  lines  therein  not  over  10  feet  ^art.  In  bays 
in  excess  of  12  feet  in  width,  not  more  than  100  sq.  ft.  ceiling  area  to  be 
allotted  to  any  one  thermostat. 

j.  Under  a  pitched  roof  sloping  more  steeply  than  x  foot  in  3,  one  line 
of  thermostats  to  be  located  in  peak  of  roof,  and  thermostats  on  either  side 
to  be  spaced  according  to  above  requirements.  Distance  between  thermostats 
to  be  measured  on  a  line  parallel  wi^  roof.  Where  the  roof  meets  the  floor 
line  there  should  be  a  line  of  thermostats  placed  not  over  3^  feet  from 
where  roof  timbers  meet  floor.       , 

NoTB. — ^Two  lines  of  thermostats  not^more  than  2^  feet  distance  each  way 
from  the  peak  of  the  roof,  measured  on  a  line  with  toe  roof,  may  be  used  in 
lieu  of  one  line  of  thermostats  located  in  peak  of  roof.    Also  see  Section  d. 

k.  Under  open  finish,  joisted  construction  floors,  decks  and  roofs,  the 
thermostats  should  be  **  staggered  "  spaced  so  that  the  heads  will  be  opposite 
a  point  half  way  between .  thermostats  on  adjacent  lines,  the  end  thermostats 
on  alternate  lines  to  be  not  more  than  two  feet  from  wall  or  partition.  Also 
see   Section   b. 

Note. — This  regulation  does  not  except  thermostats  within  a  bay,  whether 
on  one,  two  or  more  lines.  Special  instruction  to  be  obtained  in  each  case  as 
to  whether  staggered  spacing  shall  be  required  under  open  joist  construction, 
where  the  channel  spaces  between  joists  are  positively  blocked  off  within  the 
territory  of  any  two  adjacent  thermostats. 

For  Systems  Employing  Thermostats  of  all  Other  Types. — For  thermo- 
stats not  of  the  fixed  temperature  type  special  rules  and  requirements  are 
established.  These  rules  and  requirements  will  be  found  in  the  List  of 
Approved  Fire  Appliances,  copies  of  which  may  be  obtained  from  Inspection 
Departments,  which  should  in  all  cases  be  consulted  before  these  thermostats 
are  installed. 

12.  Manual  Alarms. — Manual  alarm  boxes  must  be  of  an  approved  pattern, 
must  be  used  for  no  other  purposes,  and  must  be  located  as  required  for 
Manual  Fire  Alarm  Boxes.     (See  Rule  8,  Section  b.) 

Note. — Manual  boxes. may  be  of  the  type  such  as  is  approved  for.  Watch- 
man's Time  Recording  Apparatus,  Central  Station  Systems,  if  desired. 

Class  F — ^Automatic  Journal  Alarms 

13.  Circuits  and  Connections. — a.  Circuits  mus^  be  so  sub-divided'  that  not 
more  than  25  thermostats  will  be  on  any  one  circuit.  There  must  be  a  finding 
switch  for  each  boot  in  grain  elevator  equipments  and  elsewhere  when  called 
for  by  the  Inspection  Department  having  jurisdiction.  All  the  finding  switches 
in  one  circuit  must  be  located  in  one  ^box.  The  finding  switches  to  be  wired 
so  that  the  cutting  out  of  one  group  or  boot  will  not  cut  off  the  current 
from  any  of  the  other  groups  in  the  same  circuit  and  will  show  a  broken 
wire  when  the  test  is  made  by  the   testing  apparatus. 

b.  Connections  must  be  made  by  running  circuit  wire  without  break  from 
the  binding  posts.  Where  there  is  liability  of  mechanical  injury,  cmductors 
must  be  encased  in  approved  flexible,  armored  or  iron  conduits  as  the  ^>ecial 
needs  of  each  case  require.  Armored  or  iron  conduit  must  be  securely 
fastened  in  place  so  as  to  prevent  any  strain  on  the  conductors. 

Where  bearings  are  not  fixed,  such  as  tighteners,  etc.,  a  special  approved 
flexible  stranded  conductor  must  be   used. 

c.  Circuits  must  be  all  metallic  and  must  normally  test  free  from  grounds. 
When  open  circuit  systems  are  used  they  must  be  so  arranged  that  a  single 
break  will  not  prevent  an   alarm  being  transmitted. gitized  by  LjOOglC 
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d.  Thermostats  must  be  on  every  bearing  thronghout  grain  elevators,  excep- 
tions only  being  made  by  consent  of  the  Inspection  Department  having  juris- 
diction. Bearings  must  be  drilled  to  the  full  depth  of  thermostat  base  where 
practicable  and  thermostats  must  be  securely  fastened  in  place. 

e.  Thermostats  must  be  so  arranged  that  they  can  readily  be  taken  out  of 
the  bearings  and  disconnected  without  impairing  the  wiring  or  connections 
in  any  way,  and  their  connections  must  be  so  arranged  that  journal  bosKS 
can  be  removed  and  replaced  without  breaking  the  wires. 

f.  Thermostats  must  be  set  to  give  an  alarm  at  approximately  165  degrees 
Fahr.,  except  by  special  consent  of  the  Inspection  Department  having  juris- 
diction when  thermostats  may  be  set  at,  not  over  212  degrees. 

g.  An  annunciator  must  be  located  near  the  testing  apparatus  with  the 
indexes  plainly  marked  to  show  the  various  circuits.  It  must  be  enclosed 
in  a  dust-proof  case  arranged  so  that  the  indexes  can  be  reset  from  the 
outside  of  the  case. 

h.  Independent  relays  must  be  used  for  each  circuit;  they  must  be  enclosed 
in  a  dust-proof  case  and  have  spring  knife  edge  contact  points  in  addition  to 
the   ordinary   relay  contacts. 

14..  GoNGS. — a.  When  vibrating  gongs  are  used,  all  gongs  must  be  of  the 
regular  vibrating  pattern  (not  single  stroke)  and  the  system  must  be  so 
arranged  that  the  failure  of  any  one  gong  to  vibrate  can  in  no  way  inter- 
fere with  the  proper  action  of  any  of  the  other  gongs. 

b.  There  must  be  one  8-inch  gong  placed  over  the  annunciator  in  the  engine 
room,  which  gong  shall  ring  continuously  in  case  of  short  circuit  on  system. 
This  gong  to  be  on  a  relay  and  separate  set  of  batteries. 

c.  There  must  be  no  gongs  in  the  journal  alarm  circuit  when  in  normal 
condition.     All  gongs  must  ring   from   a  relay. 

d.  There  mtist  be  a  6-inch  gong  placed  near  each  set  of  "finding  switches," 
which  shall  ring  continuously  in  case  of  short  circuit  on  system.  This  gong 
to  be  on   a  relay  and  separate  set  of  batteries. 

e.  Unless  there  is  a  spare  man  in  engine  room  who  can  answer  journal 
alarms,  there  must  be  an  auxiliary  system  whereby  the  circuit  number  cah 
be  transmitted  to  each  floor.  Such  a  .system  to  consist  of  aq  8-inch  vibrating 
gong  located  near  center  of  each  floor,  gongs  being  on  separate  relay  circuits. 
Approved  transmitting  and  testing  devices  to  be  provided. 

15.  Testing  AppAjtATUs. — ^a.  When  all  the  wires  of  the  system  are  not 
under  constant  battery  test,  there  shall  be  a  testing  apparatus  located  in  the 
engine  room  or  where  there  is  some  employee  on  duty  the  entire  time. 
Entire  test  to  be  made  daily  by  operation  of  mechanism  which,  after  test  is 
completed,  shall  automatically  leave  the  system  in  normal  condition,  or  else 
give  a  continuous  trouble  alarm. 

b.  Testing  apparatus  shall  record  on  dials  continuity  of  all  open  circuits, 
shall  ring  all  open  circuit  bells,  and  shall  throw  indexes  of  annunciators,  a 
proper  record  not  being  obtained  when  any  of  the  circuits  or  bells  are  out 
of  order.  Weakening  of  the  batteries  shall  prevent  the  recording  on  dials 
before  it  has  progressed  sufficiently  to  impair  the  journal  alarm. 

16.  Gbnerai.. — a.  All  journal  alarm  apparatus  must  be  of  an  approved  type, 
b.  Permanently  fixed   ladders   must   be   provided   wherever   needed   to  make 

bearings  readily,  accessible. 

Class  G— Watchmen's  Time  Recording  Apparatus 

17.  Central  Station  Systems. — a.  Must  not  have  more  than  forty  boxes 
connected  on  a  single  circuit,  nor  shall  more  than  five  watchmen  report  on  a 

single  circuit  Digitized  by  GOOglC 


494  Fire  Prevention  and  Protection 

b.  Must  be  so  arranged  that  fire  signals  which  shall  be  distinct  from  watch 
signals  can  be  sent  from  each  station  installed. 

c.  Watch  boxes  must  be  of  an  approved  pattern,  must  be  used  for  no  other 
purpose,  and  must  be  located  as  required  by  the  Inspection  Department  having 
jurisdiction. 

When  specific  locations  of  watch  boxes  are  not  furnished  by  the  Inspection 
Department  having  jurisdiction,  they  must  be  located  so  that  the  watchman 
in  his  rounds  will  cover  plant,  and,  in  addition,  must  conform  with  the 
following: 

Must  be  located  so  that  from  any  part  of  the  plant  equipped,  not  more 
than  200  feet  will  have  to  be  traversed  in  order  to  reach  a  box. 

Must,  where  buildings  are  more  than  one  story  in  height,  have  a  box 
on  the  first  story,  and  at  least  one  in  alternate  stories;  i.  e.,  3d,  5th,  7th, 
etc.  Where  buildings  have  single  floor  area  of  7,500  square  feet,  or  over, 
there  shall  be  at  least  one  box  on  each  floor. 

Must,  where  any  plant  or  building  equipped  is  divided  into  sections,  have 
the  boxes  in  each  section  located  to  agree  with  above  rules,  account  not 
being  taken  of  boxes  in  any  other  section. 

d.  Complete  and  satisfactory  tests  of  all  transmitters  must  be  made  by 
installing  companies  monthly  and  results  reported  to  the  Inspection  Depart- 
ment having  jurisdiction. 

18.  Local  or  Private  Stationary  Systems. — a.  The  clock  used  must  run 
for  at  least  eight  days  without  rewinding,  and  must  be  so  encased  that  watch 
record  dials  cannot  be  seen  without  opening  door,  and  so  arranged  that 
opening  or  closing  of  door  will  make  a  distinctive  record  on  dial,  this  to  be 
done   by   mechanical   means. 

b.  Records  must  be  made  by  perforating  a  paper  dial  apd  the  puncturing 
device  must  be  so  arranged  that  it  is  not  liable  to  stick  in,  adhere  to,  or 
tear  the  dial. 

c.  Magnetos  must  be  used  for  the  transmission  of  signals,  must  be  of  an 
approved  type,  and  may  be  either  portable  or  fixed  at  each  station. 

.   Note. — Where  single   station   clocks   are   employed   the  recording   apparatus 
may  be  operated  by  an  approved  mechanical  device. 

d.  Stations  must  bcL  placed  as  required  by  the  Inspection  Department  having 
jurisdiction. 

19.  Portable  Watch  Clocks. — a.  The  clock  used  must  run  for  at  least 
48  hours  without  rewinding,  must  be  substantially  mounted  and  strongly 
encased.  It  must  be  made  so  that  the  watch  fecord  dial  cannot  be  seen 
without  opening  the  case  and  so  that  it  cannot  be  opened  without  puncturing 
or  cutting  the  dial. 

b.  Records  must  be  made  by  embossing  or  puncturing  the  dial  and  must 
be  easily  legible.  Dial  must  be  of  sufiicient  size  so  that  time  at  which  the 
record   is   made   can   be   accurately   determined. 

c.  Stations  must  be  located  as  required  by  the  Inspection  Department 
having  jurisdiction,  and  fixed  so  they  cannot  be  removed  without  giving  evi- 
dence of  the  fact. 

Keys  must  be  made  so  that  they  are  difficult  to  duplicate,  and  must  be 
of  a  pattern  susceptible  of  variations  tending  to  reduce  the  probability  that 
a  set  of  keys  fitted  for  one  clock  will  operate  other  clocks. 

Class  H — ^Automatic  Sprinkler  Alarm  and  Supervisory  Systems 

20.  Central  Station. — a.  From  the  central  office  to  the  protected  risk, 
there  must  be  two  (2)  separate  circuits,  one  for  the  water  flow  alarm,  and 
the  other  for  the  supervision  features.  Manuals  must  not  be  installed  on  the 
supervision  circuit  unless  of  approved  non-interfering  pattern^ 
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b.  The  central  office  must,  at  all  times,  be  able  to  detenaine  from  the  signal 
received,  the  particular  feature  of  the  sprinklered  risk  which  is  out  of  order 
and  when  it  has  been  restored. 

This  may  be  accomplished  by  having  separate  transmitters  for  each  feature 
of  the  service  or  distinctive  signals  from  the  same  transmitter  or  by  a  com- 
bination of  both  methods. 

ai,  DsviCBS,  Circuits,  etc. — sl.  Must  be  so  arranged  that  devices  cannot 
easily  be  tampered  with  or  removed  without  giving  a  signal  in  the  central 


b.  All  circuits  and  electrical  apparatus  must  comply  with  the  requirements 
stated  under  Class  A.  It  is,  however,  strongly  recommended  that  all  interior 
circuits  be  entirely  run  in  approved  conduit  piping,  wire  to  be  such  as  is 
required  in  damp  places,  under  Rule  3,  Sectioii  b,  Class  A. 

c  All  pipe  connections  to  sprinkler  system  must  be  made  in  a  workmanlike 
manner,  equal  in  all  respects  to  the  regular  standard  required  for  sprinkler 
work. 

d.  Not  more  than  twenty-five  (25)  sets  of  transmitters  or  not  exceeding 
one  hundred  (100)  break  wheels  must  be  connected  on  a  single  circuit. 

22.  Tests. — Complete  and  satisfactory  tests  of  all  transmitters  must  be 
made  by  installing  companies  monthly  and  results  reported  to  the  Inspection 
Department  having  jurisdiction. 

Supervision  Details 

23.  Gate  Valvbs. — ^a.  Connection,  by  means  of  approved  devices,  must  be 
made  to  all  gate  or  other  stop  valves,  under  control  of  the  assured,  in  feed 
pipes  to  sprinklers,  including  all  valves  on  tanks,  fire  pump,  steam  and  dis- 
charge connections,  city  main  connections,  pump  suction,  post  Indicator 
valves,  and  where  necessary,  on  small  valves  used  in  installation  of  the 
service.      Devices  to   be   so   attached   as   not   to   interfere   with   the   operation 

.  of  the  valve  nor  obstruct  the  view  of  indicator  or  access  to  stuffing  boxes. 
b.  Attachments  on  all  valves  must  give  a  signal  between  the  first  ard  second 
revolutions  of  the  hand  wheel,  tending  to  move  the  valve  from  its  proper 
position;  or  when  valve  is  not  controlled  by  hand  wheel,  signal  must  be  given 
before  the  valve  has  moved  1/5  of  the  stem  movement  from  its  proper 
position. 

Two  separate  and  distinctive  automatic  signals  will  be  required  for  the 
gate  valve  alarm,  one  signal  to  show  that  a  valve  has  been  removed  from  its 
normal  position,  and  another  distinctive  and  different  signal  to  show  that  the 
valve  has  been  returned  to  its  normal  position.  The  latter  signal  shall  not  be 
given  until  all  valves  have  been  returned  to  their  normal  position,  or  at  least 
to  the  point  where  the  first  or  trouble  signal  was  given. 

24.  Pressure. — a.  All  tanks  or  their  sources  of  pressure,  including  steam 
supply  for  fire  pumps,  also  pressure  on  dry  pipe  system,  must  be  provided 
with  separate  and  independent  attachments,  unless  otherwise  specified  by  the 
Inspection  Department  having  jurisdiction. 

Pipe  to  which  supervisory  devices  are  connected,  must  be  provided  with 
a  plugged  test  gauge  connection  and  a  stop  and  relief  valve  of  satisfactory 
pattern;  the  whole  to  be  so  arranged  that  pressure  on  attachment  and  plugged 
connection  can  be  released  for  testing  purposes. 

b.  Pressure  tank  attachment  must  give  a  high  and  low  pressure  signal 
at  ten  <io)  pounds  below  and  thirty  (30)  pounds  above  the  normal  pressure. 

Steam  pressure  attachment  must  give  a  low  pressure  signal  at  forty-five 
(45)  pounds. 

Attachment  to  dry  pipe  pressure  system  must  give  a  high  and  low  pressure 
signal  at  ten  (10)  pounds  variation  above  or  below  normal  pn 


ormal  pressure.        1 
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In  special  cases  and  for  other  pressure  sources,  specific  instructions  must 
be  obtained  from  the  Inspection  Department  having  jurisdiction. 

Two  separate  and  distinctive  automatic  signals  will  be  required  for  pressure 
alarm,  one  to  show  that  th^  pressure  has  gone  below  or  above  the  required 
amount  and  another  distinctive  and  different  signal  to  show  that .  the  normal 
pressure   has   been   restored. 

25.  Water  Levels. — a.  All  pressure  and  surge  tanks,  gravity  tanks,  cisterns 
and  reservoirs  used  as  a  supply  for  sprinkler  systems,  must  be  equipped  with 
separate  and  independent  attachments  unless  otherwise  specified  by  Inspec* 
tion  Department  having  jurisdiction. 

All  devices  used  for  this  purpose  must  be  designed  to  withstand  corrosion 
and   possible   mechanical  obstx%ctions. 

b.  Must  give  a  low  water  signal  in  all  supplies,  except  pressure  tanks,  when 
water  drofiS  12  inches  below  the  required  level.  Pressure  tank  device  must 
give  a  signal  when  water  drops  4  inches  below  or  rises  4  inches  above  the 
required  leveL 

Two  separate  and  distinctive  automatic  signals  will  be  required  for  water 
alarm,  one  to  show  that  water  has  changed  from  the  required  level,  and 
another  to  show  that  the  proper  water  level  has  been  restored. 

26.  Temperature. — &.  All  gravity  tanks,  cisterns  and  reservoirs  for  sprinkler 
service  in  which  water  might  freeze,  must  be  equipped  with  suitable  tempera- 
ture indicator,  located  two   feet  below  the  required  water  level. 

Note. — ^Where  tanks,  cisterns  or  reservoirs  are  located  in  houses  in  which 
water  might  freeze.  Inspection  Department  having  jurisdiction  may  require 
suitable  temperature  indicators  for  such  houses. 

b.  The  indicator  must  give  a  separate  and  distinctive  signal  when  tempera* 
ture  falls  below  40  degrees  Fahr.,  or  rises  above  160  degrees  Fahr.,  and 
another  distinctive  and  different  signal  to  show  that  water  has  been  restored 
to  the  proper  temperature. 

27.  Fire  Pumps. — ^Where  automatic  fire  pumps  are  used,  a  complete  super* 
vision  shall  be  provided  in  each  case,  for  which  special  instructions  must 
be  obtained. 

28.  Water  Flow  Alarm  Details. — a.  At  the  base  of  each  system  riser, 
satisfactory  and  positive  connections  must  be  made  by  an  approved  device 
for  indicating  the  flow  of  water  in  the  sprinkler  system,  except  that  due  to 
waste  surges  or  variable  pressure. 

b.  The  device  must  indicate  at  the  central  station  any  leak  or  flow  of  water 
in  the  sprinkler  system,  equal  to  or  greater  than  at  the  rate  of  ten  (10) 
gallons  per  minute. 

Trouble  signal  to  be  distinctive  and  different  from  the  water  flow  signal 

c.  Where  any  private  local  water  flow  alarm  system  is  in  use  the  super- 
visory water  flow  alarm  must  be  so  arranged  that  it  shall  not  be  dependent 
upon  the  operation  of  or  interfered  with  by  trouble  on  the  local  private 
alarm  circuit. 

29.  Manual  Alarms. — Where  a  sprinklered  risk  is  provided  with  either  a 
central  station  water  flow  or  a  central  station  supervision  alarm,  or  both,  and 
has  not  an  approved  and  properly  maintained  automatic  fire  alarm  system, 
or  watchman's  central  station  time  recording  system,  a  manual  fire  alarm 
system  installed  in  accordance  with  rules  8  and  9  must  be  provided. 

30.  Signals  and  Reports. — z.  Arrangements  must,  if  possible,  be  made  by 
the  operating  company,  by  which  they  shall  have  access  to  premises  under 
supervision,  at  all  hours  of  the  day  and  night.  Where  such  arrangements 
cannot  be  made  and  it  might  become  necessary  to  force  an  entrance  to  the 

building,  a  proper  guard  shall  be  placed  over  the  building  so  Jong  as  required. 
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Note. — It.  will,  of  course,  be  understood  that  all  arrangements,  under  the 
above  paragraph,  should  be  made  with  the  -owner  of  the  property  and  must  be 
subject  to  the  approval  of  the  Inspection  Department  having  jurisdiction. 

b.  Arrangements  must  be  made  to  furnish  such  reports  of  signals  that 
may  be  received  and  in  such  form  as  may  be  required  by  the  Inspection 
Department    having   jurisdiction. 

31.  Disposition  of  Signals. — a.  Upon  receipt  of  signals  referring  lo  matters 
of  purely  equipment  maintenance,  the  operating  company  must  immediately 
send  a  runner  to  investigate  and,  if  possible,  see  that  the  trouble  is  remedied 
at  once. 

They  shall  also  notify  the  assured  by  telephone  or  by  the  quickest  method 
available. 

Written  notice  should  be  given  the  assured  in  all  cases. 

b.  Upon  receipt  of  signals  showing  flow  of  water  in  the  system,  the  central 
office  must  notify  the  nearest  insurance  patrol  and  such  other  parties  as  the 
Inspection    Department    having   jurisdiction   may   require. 

They  shall  also  dispatch  a  runner  to  the  risk. 

They  shall  also  notify  the  assured  by  telephone  or  the  quickest  method 
available. 

In  addition  to  which,  written  notice  should  be  given  to  the  assured. 

In  all  cases  where  notification  is  required  to  parties  with  whom  private 
lines  of  communication  have  not  been  provided,  the  quickest  available  means 
of   communication  must  be  used. 

c.  If,  at  any  time,  a  combination  signal  is  received,  which  from  its  nature, 
is  indicative  of  water  flow  on  the  premises  equipped,  such  combination  signal 
must  be   treated  by   the  central   office  as   a  fire  alarm. 

All  manual  alarms  are  to  be  treated  as  fire  alarms.  Fire  alarms  received 
from  sprinkler  supervisory  service  must  be  transmitted  to  the  city  fire  alarm 
office  and  patrol  or  such  other  places  as  required  by  the  Inspection  Depart- 
ment  having  jurisdiction,   and  should  at   all  times  be   treated  as  still   alarms. 

Local  Systems 

32.  Alarm  Details. — a.  Must  be  arranged  to  give  signals  at  points  desig- 
nated by  the  Inspection  Department  having  jurisdiction. 

These  connections  should  be  chosen  from  the  following,  choice  being  made 
in  the  order  given. 

I.  Fire  department  house  within  2,500  feet,  having  men  and  horses  sta- 
tioned therein. 

Note. — In  certain  large  cities  the  above  connection  alone  will  be  required. 

3.  Fire  department  house  within  2,500  feet,  having  "  bunkers  "  and  horseil 
at  night. 

3.  House  of  engineer  or  fireman  of  risk,  when  same  Is  within    i.roo   feet. 

4.  House  of  owner  or  superintendent  of  risk,  when  same  is  within  1,200  feet. 

5.  House  of  chief  engineer  or  foreman  of  local  fire  department,  when  either 
is  within   1,200  feet. 

6.  House  of  regular  employee,  other  than  those  above  mentioned,  when 
same  is  within  1,200  feet. 

When  it  is  impossible  to  obtain  any  of  the  above,  special  instruction  shall 
be  obtained. 

Connection  to  city  or  town  fire  alarm  box  is  not  allowable.  • 

33.  GoNGS. — ^Must  be  not  less  than  6  inches  in  diameter.  Where  there 
is  only  one  outside  connection,  gong  shall  be  of  vibrator  pattern.  ,Where. 
there  are  two  outside  connections,  gongs  to  be  wired  in  series,  a  vibrator 
being  placed  in  principal  one,  and  a  single  stroke  in  the  o^^^f*"-  ooQlp 
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34.  Testing  of  Local  Electric  Alarms. — a.  System  to  be  tested  daily 
by  closing  a  circuit  through  the  binding  posts  of  the  alarm  valve.  Test  to 
be  recorded  by  a  device  which  shall  make  a  series  of  punctures  on  a  dial 
showing  the  vibration  of  the  main  gong.  This  device  to  be  of  single  stroke 
pattern  normally  out  of  main  circuit  (i.  e.,  in  the  test  circuit  connecting 
th^   binding  posts)    in   series  with  and  vibrated  by  main  gong. 

Note. — Inspection  Department  having  jurisdiction  should  be  consulted  as  to 
the  necessity  for  installing  the  testing  device,  called  for  below. 

b.  Switches  for  cutting  out  alarms  are  prohibited. 

The  following  requirements  were  submitted  by  the  Committee  on 
Signalling  Systems  at  the  191 5  meeting  of  the  National  Fire  Protec- 
tion Association.  Up  to  the  time  this  book  went  to  press,  they  had 
not  been  finally  approved  by  the  Executive  Committee  nor  adopted 
by  the  National  Board  of  Fire  Underwriters;  they  are  given  here 
as  advisory  to  any  one  installing  such  a  system,  as  many  parts  will 
not  be  changed  in  any  modification  which  may  be  made  by  the  com- 
mittee, as  they  are  standard  practices  in  present  good  installations. 
The  sections  on  which  objections  were  raised  are  indicated  herein. 

Part  II 
Fire  Alarm  Signal  Systems  to  Supplement  Factory  Fire  Drills* 

For  use  in  factories,  workshops  and  institutions  where  occupants  are  under 
discipline   and  control. 

(These  regulations  are  not  considered  generally  acceptable  for  hotels,  apart- 
ment houses  or  department  stores.) 

Note. — The  portion  of  these  rules  relating?  to  the  design  and  construction 
of  appliances  is  but  a  partial  outline  of  requirements.  A  device  which  fulfills 
the  conditions  herein  outlined,  and  no  more,  will  not  necessarily  be  accept- 
able. Samples  of  all  appliances  should  be  suomitted  to  Underwriters'  Labora- 
tories,  Inc.,   for  examination   and  report  before   being  introduced  for  use. 

I.  General. — (a)  All  devices  and  equipment  constructed  and  installed  under 
these  rules  and  requirements  shall  be  expressly  approved  for  the  purpose  for 
which  they  are  intended. 

(b)  Before  acceptance  is  obtained  for  any  equipment,  the  building  owner 
must  file  with  the  inspection  department  having  jurisdiction  a  general  descrip- 
tion of  the  apparatus  he  proposes  to  install  together  with  such  detailed 
information  and  drawings  as  are  necessary  for  a  complete  understanding  of 
the  installation  and  operation  of  the  system. 

(c)  Call  systems  now  in  use  employing  a  signal  code,  or  when  installed 
in  any  factory  building  covered  by  these  rules  and  requirements,  must  employ 
sounding  devices  of  a  distinctive  type  from  ^those  used  in  the  fire  alarm 
system. 

(d)  More  than  one  class  of  fire  alarm  boxes  shall  not  be  installed  generally 
throughout  a  factory  building.  Owners  desiring  to  retain  or  secure  the  pro- 
tection afforded  by  connection  with  the  municipal  fire  department  may  com- 
bine such  service  with  the  equipment  covered  by  these  regulations. 

Editor's  Note. — ^An  objection  having  been  made  as  to  the  wording  of  this 
sub-section,  it  will  probably  be  changed  in   the   final  draft. 

If  the  inspection  department  requires  it,  the  building  owner  shall  also 
furnish  : 


♦  Reported  by  the   Committee   on   Signalling   Systems  at  the   National  Fire 
Protection  meeting  in   19 15,  but  not  yet  finally  adopted. 
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First. — Specificatidns,  wiring  diagrams  and  floor  plans  in  •  duplicate  showing 
the  complete  equipment  including  the  source  of  electrical  .  energy  and  the 
looatioa  of- -firm  alavm  boxes,  signaling  devices,  exits,  stairways,  elevators 
and  partitions,  also  the  make  and  type  oi  fire  alarm  .equipment  to  be  used 
and  a  schedule  of  >signals  indicating  each  floor.  A  copy  of  the  nppTorvtd 
pUma  and  specifiications  will  be  xetumed  as  authority  to  proceed  'With  the 
work. 

Second. — ^A  satisfactory  guarantee  as  io  the  maintenance,  operatioa  and 
efficiency  ,of>  the-  systenu         •      .        '  ;      /  • 

2i  WoKKMANSHip  ANB  SuPFOKTS. — (a)  AU  work  must  be  done  -  in  a  work- 
manlike manner  to  the  entire  satisfaction  of  the  inspection  department  having 
juriadiotiom         *    •  .  :     '   - 

(b)  All  material  must  be  rigidly  secured  in  position,  and  when  attached. to 
masonry  walls,  shall  be  properly  fastened  by  metal  expansion  shields  or 
togf^ie  bolts.  Woodea  pUigs  ^ill  not  be  acceptable.  ,.i When  deemed  necessary 
to,  mount  fire  alarm  apparatus  upon  ia  back  board,  suoh  back  boardTmu^t  not 
be  less  than  seven  eights  of  an  inch  in  thickness,  filled  with  a  nton-iabsorptive. 
compound,*  with  an  air  space  of  at  least  one  quarter  of  an  inch  behind  the 
back  board  for  •  the   free  dirculation  of  air. 

3.>'Tbst. — All  systems  must  normaUy  test  free  of  grounds  and,  upon  the 
completion  of  the  fire  alarm  system,. 'a  satisfactory  lest  of  the  entire  equip* 
ment  shali  be  made  in  the  presence  of  and  under  the  direction,  of  the  inspeo-/ 
tion  depaHment  haying  jurisdiction.- 

4»  •AccBflsoKics.---7Atttoniaticallx.  operated  circuit^breakers  and  «ngtne:  stops 
for  shiitting  down  machinery  hn  extremely  noisy  or  hazardous  premises:  may 
be. required,  connected  with  and  made  a  part  of  the  fire  alarm  system.  •  In: 
no  ease  shall  such  civcuit^breakeps  or  engine  stops  be  installed  in  such  3  manner 
as  to  cut  off  the  power  for  lighting  or  to  Operate  .elevators 

5<  >  Dbscmptic»n  OP  Ststbics. — <a)  A  supervised  system  in  the  intent  of  these 
rules  is  'one  in^  which,:  wien  any  part  of  the-  wiring,  syateiii.  except  .open 
cifvtiit  portion  ofringing  circuit  li.  grounded,  broken  or.  impaired,  laeias  to 
ptevent  the  normal  operation  of  the  system,  a  distihctive  trouble  >dignal  ia; 
automatically  registered  at  an  approved  central  station  of .  a  supervising 
compBriy. 

(b>  Boxes  in  all .  oases  •  must  be  on  closed  *ciicuita.>  Signaling  devices  may 
be   on  either  open   or  closed  circuits.  ,     ^ 

Note. — A  switchboard  for  ctosed-circuit  eleetxo«mechanical  bell  systems  is 
shoyvp  in  dia«-am  No.  3,  and  one  for  combined  open  and  closed  circuit  systems 
(vibratihg  bells)    is  sho^h   in   diagram  No.   4. 

(c)  For  the  transmission  of  an  alarm  on  non-supervised  systems  *' tuffent 
flow  mtist  be  employed  of  not  less  than  100  milli-amperes  through  an  all' 
closed  circuit  system,  and  50  milli-amperes  through  drcuits  containing  boxe!; 
only. 

6.  Circuits. — (a)  In  all  combined  open  and  closed  dircuit  systems,  the 
open' or  signal  portion  of  the  system  must  be  divided  into  at  least  two  circuits' 
in  any  one  building. 

Note. — For  exaniple,.  in  a  six-story  building  requiring  .two  signaling  devices" 
on  each  floor,  one  on  each  floor  must  be  on  one  circuit.  When  two  o^' 
mone  signaling  devices  are  located  on  any  floor  they  must  be  divided, approxi- 
mately  equally  between  the   twp   circuits,  ,.;,, 

(b)  If  primary  batteries  are  used  to  furnish  the  actuating  energy,  efich 
open  circuit  must  be  operated  .by  an  independent  battery  of  approved  wet 
or  semi  dry  cells  as  indicated  (K.  K.)  in 'wiring  diagrajpa  No.   2. 

In  combined  open  and  closed,  circuit  systems  employing  storage  batteries 
to  furnish  the  actuating  energy,  the  gong  circuits  and  box  circuits  may 
be  operated  from  the  same  battery..        .  Digitized  by  vjOOQ IC 
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(c)  No  circuit  in  which  vibrating  bells  are  connected  in  multiple  shall 
contain  more  than  eight  bells. 

No  relay  shall  control  more  than  siscteen  vibrating  bells  or  more  than  two 
open  circuits.     (See  wifing  diagram  No.   i.) 

(d)  When  an  alarm  has  been  sent  in  from  any  one  of  the  alarm  boxes, 
all  the  signaling  devices  on  the  various  floors  of  the:  building  shall  amtiO' 
matically  sound  the  number  indicating  the  floor  from  which  the  alarm  was 
sent,  and-  shall  repeat  the  signal  at  least  four  times. 

(e)  The  fire  alarm  system  must  be  used  for  no  other  than  fire  f^rotectlve 
purposes.  A  milli-ammeter  shall  be  provided  in  eviery  closed  circuit  tkcept 
in  supervised  ssrstems. 

(f)  All  signaling  devices,  alarm  boxes,  relay  boxes  and  alarm  box  enclbatng 
cases  must  be  finished  in  red  to  distinguish  them  from  other  mgnaling 
apparatusw 

7.  Trouble  Si6NALS.^^(a)  An  enclosed  trouble  bell  not  >  less' than  3- inches 
in  diameter  with  magnets  wound  to  not  less-  than  10  ohms  resistance,  except 
in  supervised  systems,  must  be  provided  in  connection  with  -  each  doted 
circuit  to  ring  continuously  in  case  of  weak  batteries  or  an  opening  of  the 
circuit.  The  bell,  which  shall  be  of  an  appiToved  design  of  >  the' vibrating 
t]!l»e,  must  be  placed  in  the  engine  room  or  other  central  point.  At  least 
four  cells  of  open  cirCurt  battery  of  ai5proved  make  and  type  must  be  pro- 
vided for  the  bell.  The  bell  ^nd  battery  shall  connect :  with 'the  dd^ntact  of 
a  relay  having  the  magnet  windings  in  series  with  the  closed  circuit.    .' 

(b)  Systems  deriving  energy  from  storage  batteries  may  employ  the  reserve 
set  of  batteries  to  operate  the  trouble  •  bell  under  conditions  acceptable  to 
the  inspection  department  having  jurisdiction.  (See  winding  diagralm  No.  4.) 
'8.  Maintenance.^ — ^Tbe  system  must  be  tested  every  monring  before  the 
hour  of  starting  work  in  the*  building  to  insuile  the  systevi  and  the  batteries 
being  In  an  operative  condition.-  The  test  signal  shall' coaasst  of  two  taps 
or  blasts.  Each  alarm  box  mtist  be  operated  at  least  once  every  month  to 
prove  that  the  mechanism  is  in  perfect  working  order»  in  addition  to  'uecossai^ 
use  <of  boxes  in  fire  drills.  -  All  apparatus  operated  by  apriaga^  'reqmring 
winding  shall  be  rewound  after  each  alarm,  and  kept  i».  oonnal  condition 
for  operation.  A  complete  record  shall  be  kept  of  the  operation  of.  each 
system,  which  shall  be  subject '  to  examination  by  the  inspection  department 
paving  jurisdiction.  '         •  ■ 

•Fire  Alarm  Boxes 

9.  General. — There  must  be  one  or  more  fire  alarm  boxes  on  each  Qoor 
of  the  building.  Boxes  shall.be  of  an  approved  type  and  make  and  .y^iist  be 
operated  by  a  lever  or  by  breaking  glass.  The  box  must  be  so  designed 
that  when  once  started  the  proper  transmission  of  a  complete  set  of  signals 
cannot  be  interfered  with  by  manipulation  of  its  starting  device. 
Editor's  Note. — ^An  .objection  wap  made,  to  this  last,  requirement. 
Boxes  should  be  so  arranged  that  the  alarm  shall  begin  to  sound  cot  mpre 
than  two  seconds  after  the  box  has  been  started.  Each  box  must  be  arranged 
to  send  a  definite  code,  of  signals  to  indicate  the  floor  or  portion  of  same 
on  which  it  is  located.  ,  Not  less  than  three  taps  or .  blasts  shall  be  sounded 
at  each  revolution  of  the  break  wheel.  The  following  suggestion  is  offered 
as  a  guide  to  assist  in  the  arrangement  of  the  sigto^l  code,  but  it  is' not  to 
be   considered   as   mandatory : — 

'  I'    ist  floor  's-i  ■ 

Single  Building  of  2d  floor  2-± 
four  floors  and  J  3d  floor  2-3 " 
basement  4th  floor  2-4  V^  T 

^  Basement  *-5  '  gitized  bV  VjOOglC 
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xor  PuEATiox  OT.  SiPNALft. — (a)  Wbeficver  fire  alarfp  boxes  are  made  a 
part  of  the  system  vi  which .  electro-mechanical  gongs,  are  employed,  break 
whefjs  should  be,  so  tlesigned  Uiat  the  signal  duration ,  shall  be  not  less  thaifi 
one-halt  second  ^ith  silent  i^tecval  of  not  less  than  one-half  second  betwec;n 
signals,  ex9ept  between  numbers  consisting  of  two  or  mo^e  digits  ^nd  silent 
period  between.  aouxids« 

:([b)  Box^s  used  i;a  systems  in  which  whistles,  vibrating  bells  or  horns  are 
employed  should  be  so  designed  that  the  signal  duration  shall  be  not  less  than 
one  second,  nor  more  than  one  and  one-half  seconds  with  silent  intervals 
of.  three  gua^'^s  of-  a,  second  to  one  second^,  expept  between  numbers  con- 
sisting of  two  or  more  digits  and  between  sounds.        <  -^ 

J  J.  Dbsjgn.anp  CoiiSTJiucTioN. — (a)  There  must  be  a  metal  case  completely 
enclosing.  i}xe  xnov^ent  and,  made  dus^proof  as  far  as  possible  by  the,  use 
of  gaskets  or  othei^,  suitable,  means.  The  metal  .case  shall  be  drilled  and 
tappfed  ;to  receive  standard  cpnduit  at  top  and  bottom. 

(b)  All  parts  of  the  mephanism  must  ,be  of  the  best  grade  and.  workman* 
s^ip^  .Contact  points  operaijed  by  a  ^eak  ,w,beel, .  and  contact  points  on  test- 
ing devices  shall  be  of  commercially  pure  platinum,  or  silver^  and  shall  be 
of  the  sqraping,  type.  .  AU  contact  points  must  be  secured  in  a  substantial 
manner  to  phosphor  bronze  springs,  and  ^1  current-carrying  parts  shaU  be 
insulated  from  tl^e  mechanism,  of  the  bo^.  The  break  wheel  shall  be  made 
of  st^it^le  .non-conducting  material,,  or  insulatttd  from  the  candying  shaft,  and 
shaU  ^Pt-  be  employed  in  any.manneir  as  an  electrical  .conductor. . 

I^rvyision  .n^nst,  be  made  for  a  silent  test  of  fhe  box  mechanism  without 
operating  the  signaling  devices.  The  testing  device  must  be  of. a  design 
which  will  prevent  any  person,  excej^t  those  in  authority,  from  operating 
same.  Testing  devices  must  be  so'  designed  as  to  prevent  possibility  of  box 
being  'left  'indpcirative.  ... 

-  .<t)<  Lever 'hofxds' must   be   designed   to   wind   automatically   when   the   lever 
iff  pulled  for  a»  alaiin.^ 

Lever  box  cases  must  be  fitted  with  a  door  which-  can  readily  be  opened; 
so^bonstirudted'as  to  protect 'the  pull  lever .  against  accidental  injury  and  on 
wbich  a  handle  :ts  hrigidly .  secured.  The  wording  ^  In  case  of  Fire  open 
Door  and  piill:  down  Levcir  as  Far  as  it  will  go,'*  or .  equivalent  instructions 
must  tppezT'onitl^i^ooil.  '■  If i  used  in  exposed  places^,  the  box  shall  be  enclosed 
in  .a  suitable ' weatherproof  outer  shell. 

Approved  types  of  break-glass  boxes  will  be  acceptable  :witb  no  additional 
protection  except  where  made  neces^r^^,  jby  weather  conditions,  and  every 
breajc-glass.  type  fire  alarm  box  shall  be  provided  with  suitable  hammer  on 
chain  "whicli  shall  be  attached  to  or  near  the  box,  so  that  the  glass  can  readily 
be  broken.  AH  break-glass  Iboxes  shall  have  lettered  on  the  fronts  tMe  words 
"  Fire'; Alarm — In  case  of  ^re  break  glass."  All  boxes  requiring  glass  replace- 
ments shall  be  '  s6'  arranged  that  replacement  cannot  be  made'  until  the 
mechanism,  ii  re'Set  for  another  alarm. 

Signaling  Devices 

j|2.  G|CfiSjiAi^.— Signaling,  devices  m^y  consist  of  t^ells  pf  appr9.ve/d .  typie  ,or 
other  devices  ^cflepft^le  to  the  insfpection  department  having,  jurisdiction. 
T4ier^>  91:^11  (.l^.,in9tall£4  9n  each  floor  of  the  building ,  one  oi;;nioiire  ^larm 
devi^es^,  si^cienti,  in  ,nnrob!Br  and  .pffipiency  to  be.. plainly  heard  {throughout 
t|)|^,  flf|o;t.. above  th^.ix^se  of  the  machinery  ;^nd  other.  S9^nds.  .  Where  floors 
are  divided  by  fire  walls,  each  section  may  be  deemed  a  separate  floor,  for 
t^p  purpose.. pf  these  require^T/ents. 
pSy^^ems  consisting  of  several  typses.of  sotmding  apparaj^us  should  be  avoided. 

13.  Design   and  Construction.— (a)    All  signaling  dgp^  bpfe§<0*@^tean; 
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appi-Dved  type,  arid  the  movement  etic1os6d  in  a  substantially  di^st-proof  metal 
casing  iiisulated  from  all  current-carrying  parts.  Where  Conditions  require 
'H,  inoisture-proof  ca'singis  must  be  provided.  Signaling  devices  shall  be  placed 
with  their  lowest  parts  about  eight  feet  from  the  flbdr.  Wlierever  there  is 
danjgei'  df  medhanical  iAjury,  the  entire  device  shall  be  enclosed  in  d  pro- 
tecting case  made  of  approved  wire  netting  or  perforated  metal. 

(b)  Gbngs  must  be  made  of  a  high  grade  of  cast  lyell  metal,  or  other 
approved  -material,  and  shall  be,  except  by  special  p^rhiissibh,  not  less  than 
8  inches  in  diameter.        '    •/ 

"(c)  Adjustments  must  be  of '  such  a  character  that  they  cih  be  securely 
locked  in  an  approved  manner. 

<d)  CohtAct  points  must  be  ample  in  area,  not  only  to  take  Care  of  current 
used  in  operation,  but  to  insure  long'  life,  and  sfafall  he  Of  cbmmercially 
pure  silver,  platinum,  carboii,  6t  other  approved  material.  '  ' 

(e)  Hammer  rods  must  be  protected  against  hiechanical-  injury  or  deran'ge* 
ment  by  the  use   6i  a  guard  of  other  suitable  meahs. 

14.  Horns  akd  Whistles. — Whetl'  conditions  in  a  factory  building  make 
the  use  of  fire  alarm  horns  neCessary,  thcy  ttiay  be  re<;(tiired  and  shall  be 
installed'  in  a  matiner  acd«!ptable  td'  the  inspection  depattment  having  juris- 
dictibn.  A  difference  of*  pbtentfial  of  not  less  than  30  volts,  nor  in  excess 
of  ^o  volfil 'shall'  be  provided"  on- horn  circuits.  Horn  fielid  and  armature 
windihgs  shdll  be  of  a  resistance  Value  i^itiable  for  the  voltage"  employed. 

Electrically  Controlled  whistles  may  be  required  as  auxiliary  '  equipment, 
affid  shall  he  installed  in  'a  manner  aeceptdble  to  the  irispectltiii  department 
fakvihg  Jurisdiction.  ' 

',"■'   '  .t.'.  ...  '.Relays', 

15.  Design  and  Installation. — (a)  All  relay  must  be  motuiteii  in  a  vertical 
position^ : magnets  up,  and  be  enclosed  in  an  approved. metal /caSe  tinder  lock 
and  key  and  located  where  there  is  no  danger  of  spaokiivg  contacts  tfftiiting 
inflammablie  gases  or  flyings. 

(b>  .Relays  must  be  mounted  where  they  Will  be  least  affedted  by  vibra- 
tion in  building, ,  and  in  no  case  shall  they;'be>  motihted  en  the  same  back- 
board  with  soutlding. •  apparatus,  or  so  that  they  will  be  affected' by  .the  vibra- 
tion  caused  by  such  souqding  at>paratus,  and  shall  be-  plainly  markjed  wkh 
the  maximum  and  minimum  operating  'current'  values,  to  which  BUdi,  relays 
will   saiely   respond.      •  ...  ' 

'  "V"  Wiring' 

!i6!  Wiring.-.- (a)  All  conductors  must  be  run  in  approve^  metallic  conduits 
or  armored  cable  installed  as  follows: .  (j)onduits  and  armored  cables,  when  not 
terminated  \n  drilled  and  tapped  fittings,,  shall  be  rigidly  secured  to  all  fittings 
by  approved  locknuts  and  bushing.  Condtiits.  shall  be  not  less  than  ^-inch 
internal  diameter  where  not  more  than  four  conductors  are  used,  and  where 
a  greater  number  of  conductors  is  used,  the  internal  diameter  of  the  conduit 
shall  be  at  least  3/16  of  an  inch  larger,  than  the  outside  diameter  of  the 
bunched   wire   it   is  to   accommodate.  '    '■'-'■''■' 

Fite'afefm  conduits '  shalf  not  contaiti  any  foreign  Wires  whatever.  The 
condiiil  system  ihlall  bC  permanently  and  'effeCt?uaUy  ground^.        '      '• 

"(b-)  All  'wires  ittust  be' rubber  covered,  and  braided  '  National  Electrical 
Code  stsitiAa^d.'  ^  (wiring"  in  all 'systems  ahall  be  iViiitalled' after*  the  njanner 
pre«tlHbed"tthder  National  Electrical'  Code  rules  as  appfi^irrgf;  to  -  condUft  and 
a^rihored 'cattle- -iftStallatiOn. '    *  '•!.!. 

(c)  Except  for  supervised  systems,  no  conyfuctor  of  less  than  NtfJ  14 
B.  &  S:  gauge,  tiot  bavirtg'a  rubber  Insulation  wall  of  le8S"^an"3/64  of  an 
irtch  thi>lb  Wiirbe  afppi-oved:  v  .     .       Digitized  by  CliOOQlC' 
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For  supervised  afiUlM,  \fhcs '  lAust  have  AH  apfirb^ed '  dovering  consisting, 
except  as  looted  be]ow,,of  a  |-ubber.  ins}ila{i()n  9^,  least .  1/3^2  ,in<;b^J,n  .thickness 
and   a   substantial  braid.  ;•>  .     ..     ' 

Multiple  conductor  cables  consisting  of  three  or  more  wires  may  be  not 
less  than  No.  16  B.  &'S.  gauge,  and  have  an  approved  rubber  insulation  not 
less  than   1/32.  of.  an  inch  ifi  thickness. 

(d)  Where  wires  pass  from  one  building  to  another,  they  must  be  enclosed 
in  rigid  conduit  underground  between  buildings  wherever  possible,  and  whern 
so  installed  n^iist  be  lead  encased.     1  •    ,  .  <• 

(e)  Wires  between  })uildingfs  when  not  run  in  conduit  must  be  at  least 
equivalent  in  conductikrity  and  tensile  strength  to  No.  12  B.  &  S.  copper 
for  box  and  signaling  circuits^  They  must  be  supported  at  least  every  75 
feet  on  approved  glass  insulators  and  brackets.  '  As  far  as  possible.,  they 
should  ^)e  run  under  rather  than  over  electric  li^ht  or, power  wiris. 


PROPERTIES  OP  WIRE 


Sixe, 

B.  &S. 

Gage 


Area, 
Square 
Inches 


.  Area, 
Circular 

Miles 


Resistance, 
Ohms  per 
1000  feet 


Weight 

per  Mile, 

Lbs: 


Breaking 

Strength, 

LbaL 


Tensile 
Strength, 
Lbs.  per 
;  Sq.  In. 


Copper  Wire,  Hard>drawn 

7 

.0163 

20820 

0.5085 

332. 

990 

60000 

8  ;. 

r       .0130 

.      16510 

0.6413 

J   264: 

.,  .  788.. 

....60600 

9 

.0103 

13090 

§:gSI? 

209. 

630 

61100 

10 

.0082 

10380 

166. 

506 

61600 

12 

.0051 

6530 

1.6218 

104.        . 

318 

62400 

14 

! 00203 

4107 

2.5780 

65.7 

202 

63100 

16 

2583 

4.0996 

41.3 

140 

68000 

Alomlnum  Wire,  Average  Grade  A75 

,.l 

.0163 

.  20820,  i 

.9.36 
^1.105 

'^ih 

5^^ 

360^ 

"^ 

.013d 

16510 

481 

.    37000 

9 

.0103 

13090 

1.367 

62.99  ' 

402 

39000 

10 

.0082 

10380 

1.724 

48.71 

328 

40000 

12 

.0051 

6530 

.    2.741 

31.43 

214 

42000 

14    \ 

.0032 

4107 

4.467 

19.76 

141 

44000 

B.  W.  G. 

Iron  Wire,  E. 

B.  B. 

8 

,0213 

27225 

I       2.36 

.3t8. 

1134 

i^aoo 

9 

.0172' 

21904 
17$56 

.    2.93 

305.        ' 

9t5 

10 

.0141 
.0113 

3.57 

250. 
200. 

750 

18800 

11 

14400 

;  4.45; 

600 

18800 

12 

.0094 

5.39' 

.165.        . 

.  4^5 

18900 

14 

.0054 

6889 

9.29 

96.        t 

288 

188D0 

16 

.0033 

4225 

45.16 

r 

59. 

177 

18700 

r-n 

DOUBLE  GALVANIZED  TELEGRAPH  WIRE 

Breaking  Strength, 
Lbs.     ,       . , , . 

Resietance  Ohms  per 

Size 
B.W.G. 

Diam., 
Inches 

Weight, 
Lbs. 
p* 
Mile 

n       .,        Mile    .    ..  ^ 

E.B.B. 

B.  B.  * 

■  Steel 

E.B.B, 

1      . 

B.B. 

.Steel 

4 

.238 

811 

2433 

2676 

dooo 

5.98 

7.1s 

8'.3a 

!l48 

i8 

177P 
1170 

.  .1947 
1287 

I    2183 
1443. 

&.X4. 
12.43 

9.83 
14.87 

11.44 
17.31 

■"9 

314 

945f  ' 

1036 

1162  •'• 

13.4'4 

'18.47 

21,62 

10 

.134 

258 

774 

851 

955 

18.80 

22.48 

26:16: 

■}i 

"\^ 

??S 

t}§ 

m^ 

r       762 

23-54 
28.53 

28.15 
§4.12, 

.32.76 
39.76 

'•14  •" 

'.083- 

99 

'29?    ' 

=327 

366 

49.00  • 

"Digitrzec 

58.58 

'68-18 
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COPPER.  ANP  GblPPBRrCa.AD  WIRES 

Comparison  of  Hard  t>fawn  Copper  and  Fdrty  Per  Cent  Copper 
Clad  Steel  ' 


B.  &  S. 
Gage 

Weight, 
Lbs.  per  Mile 

Breaking  Strength, 

Resistance, 
Ohms  per  Mile 

Copper 

Sa'^ 

Copper 

— ■"■'■  ■ , ' 

Copper 

"t^T 

6 

419 

390 

1237 

1800 

•  2.18 

5.45 

7 

332 

309  .. 

980 

1450 

2.76 

6.90 

8 

264 

245 

778 

,   1200   >^ 

,3.49      . 

8.73 

9 

209 

194 

617 

975 

4.39 

10:97 

10 

166 

154 

489 

800 

5.49 

13.72 

11 

131 

122        . 

888      } 

<6&0  . 

6.90 

17.25 

12 

104 

97 

307 

510 

8.70 

21.75 

13 

83 

77 

244 

410 

10.01 

27.57 

14 

66 

61 

193 

:     330 

13.44 

34.85 

15 

62 

.49 

153     . 

250 

17. .57 

43.92 

16 

41 

38 

133      . 

200    . 

21.95 

54.97 

18 

26 

24 

77 

130 

35.71 

89.27 

Weights  of  Copper  and  Copper  Clad  Weathel^-proqf  Wire,  pounds 
per  M|li 


■,:  - — ' — ( — 

.    Doubly  Braid 

triple  Braid 

B.  &S. 
Gage 

Diam., 
Inches 

Copper 

Copper  Cla^ 

;  Copper, 

Copper  Clad 

3 

.2294 

993 

91$ 

>     1059 

991 

4 

.2043 

800 

'   748 

818 

5 

.1819 

644'.    . 

'^- 

736 

673 

6 

.1620 

528 

591 

560 

8 

.1285 

349 

26§     • 

402 

376 

9 

.1144 

284 

330, 

310 

10 

.1019 

2,50 

229 

285 

268 

12 

.0808 

158 

151     , 

185 

178. 

14 

.0641 

106 

102 

'       132 

127 

Three  per  cent  variation  allowed. 

Sources  x>f  Electrical  Energy 

The  f olIowiniiF  ^sources .  of  ea»r«y  may. be  «ttployed: — 

I..  Storage   batteries  ini  duplicate.  .!'..', 

2.  Electric  Light  or  Power  systiem  (Public  Service  or  isolatecl  plant),  sup- 
plemented by  storage  batteries  coijtrolled  by  «iut6matic  iHi^Wj  over  device. 

Note. — By  special  pemiission  of  the  inspection  department  having  juris- 
diction  the   storage   batteries   may   be   omitted. 

•J. -Primary   batteries  ifa   duplicate.. 

17.  Storage  BatteriesI — '^i) ,  Storage  baiteri^S  ^  may  be  eipplo^d  if  uiider 
competent  supervision  ahd  equipi^ed  with  reliable  charging!  and  oomroilisiff 
devices. 

<b)  Storage  batteries  must  be  olf  s^pp^oveid  make  and,type»  l^h  set  must 
be  capable  of  ^naintaining  tne  ^ysiem  efficiently  if  or .'  sevjsn '  days  '  without 
recharging,  and  must  be  of  not  fess  than  24-amper^-hour  capacjl@o[<^ 
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5o6  Fire  Prevention  and  Protection 

(c)  A  sufficient  number  of  storage  cells  must  be  provided  in  battery  to 
secure  thoroughly  satisfactory  operation,  the  required  number  in  each  in- 
stallatioa  to  be   designated  by  the  inspection  department  having  jurisdiction. 

(d)  Storage  batteries  must  be  installed,  in  an  approved  manner  in  properly 
ventilated  protecting  cabinets  and,  wherever  possible^  must  be  placed  in  a 
room  not  containing  other  fire  alarm  apparatus,  jif  thpse  batteraes  are 
placed  in  a  separate  room  with  proper  ventilation  and  where  they  will  not- 
be  subject  to  mechanical  injury,  protecting  cabinets  will  not  be   required. 

(e)  The  *  batteries  must  not  be  disconnected  from  the  lire  alarm  system 
during  working  hours  in  the  factory. 

(f)  A  difference  of  potential  of  more  than  60  volts  wiU  not  be  allowed 
on  working  circuits  of  storage  battery  systems  when  the*  current  flow  at 
any  time  through  any  part  of  the  system  is  more  than  one  ampere. 

(g)  A  full  description  of  the  operation  6f  eacl;i  system,  together  with 
instructions  for  its  proper  care  and  maintenance,  must  be  posted  -in  a  con- 
spicuous place  and  in  a  substantial  manner,  accessible  to  the. person  in  charge 
of  the  system. 

(h)  It  is  preferable  that  the  voltage  ol  the  charging  circuit  Im  not  over 
250  volts. 

(i)  Statable  provision  to  be  made  on  a  switchboard  for  charging  the  batteries, 
with  approved  means  of  protecting  them  against  injury  dtic;  to  Interruption 
of  charging  current;  also  provision  for  shifting  the  respective  batteries  from 
charging  to  working  and  from  working  to  charging  Without  opening  any  of 
the  working  circuits  during  the  process  of  shifting.     ■ 

Fixed  resistance  units  (of  approved  type  and  design)  to  be  provided,  one 
in  each  leg  of  the  charging  circuit  of  such  a  value^  as  operating  conditions 
may  warrant  but  in  no  casd  shall  the  charging  rate  be  in  ex(}ess  of  two  thirds 
of  the  normal  charging  rate  of  the  storage  cells  ui^ess  a  variable  charging 
rate  is  required. 

One  third  of  the  total  resistance  to  be  used  shall  be  fixed  in  each  leg  of 
the  charging  circuit,  and  the  balance  provided  with  approved  shifting;  device 
for  varying  the  charging  rate;  the  minimum  resistance  to  .be  such  that  the 
batteries  cannot  be  charged  in  excess  of  their  normal  charging  rate.  Resistance 
in  any  case   must  not  unduly  heat. 

Lamps  will  not  be  permitted  for  resistance. 

Fuses  so  per  cent  in  excess  of  normal  load  and  not  in  ejccess  of  allowable 
carrying  capacities  of  wire  must  be  provided  at  battery  terminals,  and  on 
all  working  circuits.     AH   fuses  must  be  of  the  enclosed  type« 

(j)  Motor  generators  of  suitable  capacity  and  standard  design  may  pe  used 
for  charging  storage  batteries,  and  when  used  must  be  installed  in  acc6rdance 
with  the  National  Electrical  Code  rules,  and  a  proper  field  regulator  must  be 
provided  in  addition  to  regular. switchboard  equipment  referred  to  above,  except 
that  resistance  in  charging  circuits  will  not  be  required. 

(k)  For  alternating,  current  when  alternating  current  is  qsed  for  charging 
storage  batteries,  approved  motor  generators  or  rectifying  sets  with  ikecessary 
transformer  must  be  provided, '  together  with  regular  <  switchboard  equipment 
above   specified.  .       i 

Note. — Electrolytic  rectifiers  will  only  be  allowed  ^hen  tinder  coi^petent 
supervision,  and  when  employed  a  reserve  set  of  el^ctrod^'  and  charge  of 
salts  must  be  kept  on  hand.  *  •  ■ ' 

18.    ELtCTRrC  LlOUT   AMD   PoWER    (PUBLIC   SERVICE   OR   ISOLATED   PlANT),    SuP- 

PLSMENTEO  Bv  STORAGE  BATTERIES. — Systems  of  this  character  arc  special,  and 
complete  details  of  installation  must  be  submitted  for  approval  in  each  case 
to  the  inspection  department  having  jurisdiction,,  which  may,  by  special 
permission,  authorize  the  omission  of  the  supplementary  storage  batteries. 
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19.  Primary  Battebibs. — (a)  The  battery  on  the  closed  «^lrcuit  must  be  in 
duplicate  and  be  {provided  with  an  approved  single  pole,  douHe  throw,  knife 
blade  switci,  so  arranged  that  when  changing  from  one  9pt  of  batteries  to 
another  th^  cffcuit  caqnot  be  broken,  and  shall  consist  oli*  ai^'prove4  standard 
closed  circuit  cells  of '  not  less  tlgtsui  300-amperes-houi^  capacity.  Approved 
heat-resis^ng  gl«ssj  jars  are  preferred,  but  at  least  Ofit  glass  jei^  shall  be 
used  in  etu:h  series  for! the  purpose  of  o|>serving  the  condition  of  t^e  elements. 
The  working  voltajge  of  appxoyed  closed,  circuit  cells  is  «6&  voltsi  per  celL 
Dry  cells  >ldiH>xiot^  be  used  as  actuating  energy  in  any  closed  circuit,  except 
in  supenrriod  *  systems. 

(b)  The  ibat^ery  on  the  open  circuits  as  indicated  (K,  K.)  in  wiring  dia- 
gram Ho,y^f  shall  consist  of  high  grade  open  circuit,  wet  'or  ^emi-dry  cells 
of  app^o^ed  ,type  and  make.  A  reserve  set  of  l^atieries.  ]|iust  be  provided 
and  ch^nlicals  furnished  with  themt  in  a  dry  state,  liild  as  any  set  becomes 
exhaustled,  they  shall  immediately  be  prepared  for, service.  Multiples  of  dry 
cells  ia  app^'oved. containers  may  be  substituted  for  wet' or  semi-dry  cells  in 
each  open  or  l^ell  circuit  under  conditions  acceptable  to  the  inspection  depart- 
ment having- jiirisdiction.  A  sufficient  number  of  .cells  must  be  provided  in 
each  battery   to  seture  thoroughly  satisfactory  operation. 

(c)  The  current  flow  from  any  primary  battery  ^tiaXi  not  exceed  2  amperes. 

(d)  All  'batteries  must  be  coupled  together  . by  means  of  battery  con- 
nectors  ot^/kpp'rovod   type. 

20.  Cf^BiifETs  FOR  Primary  Batteries. — (a)  All  ^primary  batteries  must  be 
placed  in  substantial  well-fitted  cabinets,  elevated* not  less  than  six  inches  and 
not  mo^e  than  six  feet  above  the  floor  an4  located  in  a,  dean,  dry  place  where 
the  teniptrat«re  will  not  fall  ^Iqw  jf^  degrees  Fal)r.  not  rise  above  100 
degrees  J  F*br.  ,'  '  ' 

(b)  (jabinets  must  be  provided  with  shelves  o^  vfOOd  not  less  than  %-inch 
in  thickness  -dr  of  other  approved  material^  profjerly  fastened  anid  secured  to 
prevent   sagging.      '  ..,..:„; 

Supports'  for' ^ry.  batteries  must  be  so  constrndted  tliat  it  will  be  impossible 
for  the  c<lls  do  cot$e  in  contact  with  each  other  or  with  the  |meU|l  enclosures. 

Main  bMtery  cs^inets  must  be  so  constructed  that,  the  condition  of  the 
elements  *Tiiay  be   observed   without   disturbing  the   cells. 

(c)  Metat'  <*^binets  must  be  of  approved  type,  construeted  of  sheet  iron 
or  steel  I  of 'not'  less  than  No.   14  U.   S.  metal  gauge.        '       "^ 

Doorsj  mtist  be  provided  with  lock  and  key  and  kept. closed. 

The  interior  and  the  exterior  of  metal  cabinets  must  be  painted*  with  two 
coats  o4  aspliigtlttim  compound,  each  coat  to  be  thproaghly  xiried  before  the 
next  is  ^pplied.     Baked  enamel  will  be  accepted  in  lie)^  of  the  above. 

(d)  Wooden  .  battery  cabinets  must  be  constructed  of  the  b^t  grade  of 
kiln  dried  wood  not  less  than  "^-inch  thick.  Doors  piust  ^  provided  with 
a  padlock  ,^nd  k^t|  closed. 

Woodenl  calumets  must  be  painted  on  the  interior  with  two  coats  of  asphsltum 
compound  and-on  the  exterior  with  two  coats  of  lead  patnt;  vamish  or  asphsl- 
tum compQupd.         » 

j  Automatic  Equipment     ^ 

21.  SE^aAL  Permission  Required. — Approved  automjatic  fire  alarm  devices 
and  themu^stat  sjfstems  arranged  automatically  to  set  in  motion  transmitting 
devices  In  connection  with  the  manual  fire  ^larm  systfim*  covered  by  the 
foregoing  rules,  may  be  allowed  by  special  permission  of  the  inspection 
department  having  jurisdiction.    *  '  Digitized  by  vjOOQ IC 
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Wiring  Diagram  No.  i 

In  this  wiring  diagram  an  outline  has  been  given  of  a  satisfactory  me^od 
of  installing  a  combined  open  and  closed  circuit  system  employing  vibra^ng 
bells  as  signaling  devices. 

It  is  suggested  that  the  resistance,  voltage  and  current  values  given  below 
be  followed: —  '".... 

A.  Multiple  contact  master  cojnbination  relay.  Magnet^  idiowni  connected 
into  the  closed  or  box  circuit  be  wound  to  is  ohms  i;esistance.  ^elay  to  be 
mounted  In  a  vertical  position,  magnets  up,  and  enclosed  in.  a  metal  aase 
under  lock  and  key. 

B.  Fire  alarm  trouble  relay  wound  to  25  ohm&  resistance,  mounted  is  a 
metal  case  under  lock  and  key,  in  a  vertical  position,  magnets  '^p. 

D.  Single  pole  double  thro^  switch.  , 

E>  Duplicate  closed  circuit  batteries  consisting  of  ^iporampero-hour  closed 
circuit  cells  suiBcieht  in  number  to  cause  a  current  How,'  tlirCMlgh  the  closed 
circuit  of  50  milli-amperes  based  on  an  E.  Ml  ^.  !of  ^s  volt  lilpr  cell.        ; 

P.  Local  battery  of  approved  cells.  :     '     '  ' 

G.  Vibirating  bells.  !;"•]•  | 

H.  Covered  trouble  bell  -not  less  than  31  iachies'  in  t^itmeter,  with  magAets 
wound  to  not  less  than    10  ohms  resistancb.  |     i     ! 

K.  Open  circuit  batteries  consisting  of  apptovjed;  cells.  A  .sufiipient  number 
of  cells  to  be  provided  in-  each  battery ,  tc)  i^ciirc .  thoroughly.  satisfacDory 
operation:  *  ;    '     <    |      .-     '     ,    >      .  ; 

X.  ](flilti-ammeter  scale  to  read  o-iqq.  .milli-am^eres..  . 

^oi^gQ  batteries  may  "be  substituted  t<^  duppl^  actuating  eiitfrgy  in  this 
sysfem   (see  diagram  No.   4).  '  -U  ""■,••  I 

All  wiring  to, be  installed  in  rigid  iron  Condi^t  or  steel  armored  cable. 

I^r  adclitional  details,  see  specifications.   '     '     .     '  '*.        '  i 

Wiring  Diagram  No.  2 

In  tliis.  wiring  diagram  an  outline  has  beei)  £^ven,'of  a  satisfaptory  mettiod 
of  tnslalling  a.  closed  circuit  electro-mechanical  bell  system.  . 

It  is  suggested  that  the  reslstanceSj^..volt£(ge  and  current  values  given  bdow 
be   followed.  -     .. .  .         .  , 

B.  Fire  alarm  relay  mounted  (n  a  metal  case  under  lock  anid  key,  in  a 
yertical  position,  magnets  up. 

C.  Single  pole  double  throw  switch. 
E  Duplicate    batteries    consisting    of    soo-ampere-hotirs    approved        dosed 

circuit  cells  sufEcient  Iq  nymber  to  cause  a, current  flow  through  the  clqsed 
circuits  of  100  milli-amperes  based  on  ati  £.  M.  F.  of  .65  volt  p^  cell.      ' 

Storage  batteries  may  be  sul^stifut^d.  (See  speciticatiops  afid  diagram 
No.  3.)  ^  •     _  ....  •      ,.  •'.       /      ^    •    :. 

F.  Local  battery  of  approved  cellsi 

H.  Covered  trouble  bell  not  less  than  3  inches  in  diameter  of  approved 
type  with  magnets  wound  to  not  less  than  10  ohms  resistance.  ■ 

E,  M.  Electric-mechanical  gongs  of  approved  single  stroke  type  wound  to 
not  less  than' 30  ohms  resistance.  '         '..'..      '  .' •  '    ,         -  : 

X.  Milli-ammeter   scale   to   read   0-200   milli-amperes*  ...         ,     ,  . 

All  wiring  to  be  installed  in  rigid  iron  conduit  or  steel  armored  catle. 
For  additional   details,   see  specificatons. 

Watchman  Time  Recording  Apparatus.— As  an  auxiliary  to 
any  signalling  system,  and  a  necessity  where  the  signalling  system 
is  not  automatic,  such  as  a  thermostat  or  sprinkler  Cgi:(y0^stem,  is 
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the  service  of  a  watchman.  Not  only  is  he  of  value  in  discovering 
fires,  but  also  in  preventing  them,  by  turning  off  carelessly  left  gas 
or  electric  current  on  heaters,  etc.,  and  cleaning  up  rubbish  which 
may  ignite  spontaneously. 

To  be  of  full  value,  assurance  of  his  being  on  duty  is  a  requisite, 
and  as  a  general  rule  underwriters  insist  that  he  be,  checked  up  in 
his  rounds  by  being  made  to  punch  a  clock  at  stated  times,  or  to 
send  in  a  signal  to  a  central  station.  These  clocks  or  signal  sta- 
tions must  be  of  such  a  design  that  they  can  not  be  tampered  with, 
or  the  records  changed.  Practically  the  only  assurance  that  such 
apparatus  is  properly  safeguarded  from  tampering  is  by  insisting 
on  a  system  or  a  time  recorder  labeled  by  the  Underwriters'  Labora- 
tories, who  have  listed  to  date  one  make  of  watchman's  call  and  fire 
alarm  box  for  use  in  connection  with  standard  normally-closed  cir- 
cuit central  station  watchman's  time  recording  apparatus,  eleven 
manufacturers  of  portable  time  recorders  and  key  boxes,  and  four- 
teen manufacturers  of  stationary  recorders. 

In  any  watch  service  it  is  strongly  recommended  that  the  old 
idea  of  employing  superannuated  men  for  watchmen  be  discarded; 
the  service,  although  probably  not  showing  immediate  returns  on 
the  profit  side  of  the  books,  such  as  other  workmen's  services 
about  a  plant  do  is  of  really  such  great  value  that  only  men  in 
their  prime  should  be  employed,  and  a  sufficient  wage  paid  to 
get  good,  sober,  efficient  men,  who  can  be  properly  trained. 
With  such  a  watchman  a  plant  is  far  better  protected  than  the 
average. 


FIRE- 


We  safeguard  you 

— against — 


WATER 


We  Watch  Your  Watchman. 

We  Supervise  Your  Sprinkler  System. 

We  Send  the  Fire  Department. 

We  Ring  the  Local  Fire  Drill  Gongs. 

We  Operate  All  Kinds  of  Signal  Systems. 

Officer    Everywhere 

Controlled  Companies  of 

AMERICAN  DISTRICT  TELEGRAPH  COMPANY 

Main  Office,  195  Broadway,  New  York 

jiiLLUu^LjQQQle 


■     THE  DESIRABILITY  OF  HIGH  PRESSURE 
■      ■■    PI^E  ■SYSTEMS*    ^''      • 

,  The  .immense  ag;gx:cgations  of  values  in  the.  buildings,  and  their  contents 
in  ^he  busin,ess .  dis,tri9tp  pf  njetropojitan.  cities,,  and.  the  possibility  of  con- 
flagrations, with  th^i^  tremendous  losses  and  disastrous  effects  on  Jbusiniess 
and  civic  gfowth,  are  striking  arguments  in .  f ^vor ,  of  providing  the .  wiost 
etTcqtive   known,  means  .of   preventing   such   catastrophes.  .i     ..   ,; 

Although,  there  is  ^  tendency  at  thespr^spnt  time  tQ  replace  Ql/d  buildings 
with  others  of  fireproof  construction,  such  Ip^jin^  required  fgi^  certain  heights 
and  ai^^as  by  city. , building  laws,,  the  number  of,  b^ildings  pf.stvcji,  aonstructioo. 
is  .comparatively  sii;iaU.,  The  pro|jability  of  serious  fires  originat?utig  in- these 
buildings  is  smal^,.but  with  the  general  Jack  of  protection,  against,  exposure 
across  parrow,  streets,  and,  passageways,,  they  would  not  withstand,  the  attack 
of   fi   fire    from   adjaceint  an4.  neighboring   bu^c^ii^s  of   ot;her  classes.    .    , 

.Although  a  sprinkler .  equipment  will  effectively  control  a  fire,  originating 
within  the.  biAilding,  in  which  it  ;s  installed,  it  doe*  not  inake'  that,  building 
a  conflagration  bar^r^er;  and  since  most  of  the  equipment^:  are  connected,  to 
the  I  system  of  street  mains,  the  elficic;ncy|,Df  the  supply  t-^  all  these  equip- 
ments, ,may.  be  ,,sejriously  impaired,  and  the  ability  to  resist  cKpQSUt'fS  fires 
ltssene(Jj  by  the,  freaking  of  service  connectipns  tp  one  ov  more  buildings'  >n 
which  a  fire   hafS.;^ot  beyond,  co;ntrol,  ...         .        ■ 

Structural  conditions,  qccuijancieg  and  other .  features  .  ^fnd  ..to  produce  .a 
high  conflagration  hazard  particularly  in  sections  which  consist  of  la)^ge-area 
blocks,  with  crowded  and  poorly  accessible  interiors,  no ,  floor-opening  qr 
window  protection  where  especially  needed,  an4  numerous  large  floor  areas, 
affording   opportunity   for    the    rapid   spread   of   fire. 

It  is  therefore  evideht  that,  taken  as  a  whole,  the  chances  for  sweeping 
fires  in  larke  cititis  are  cdnsidefdMe,  even  though'  thfe  fire  department  is 
efficient  and  Well  maintained.  '  'All  that  is  required,  under  existing  weak 
building  conditions,  <  is  the  ri^ht'  combination  of  circumstances*  to  make  a 
fira  too  large  iOr  the  department  to  handk.  This  combination  of '  circilmf- 
sta^cea  neartly  oQcuvred  in  Bos^^n  on  August  9,  1910,  when  two  iserious  simul- 
tai^qou?,  fires,.,  as  des,cribed  hereinafter,  <GaUed>  out -practioaUy  the'  entire 
Boston  fire  department  and  rapch  apparatus  from  the  .surrounding  cities. 
Had  either  ,of  these  firqs  been  a  little  larger,  or  had.  a  third  fire:  occurred 
almost  anywhere  in  the  city,  for  example,  ip  any,  of  the  number  of  con- 
gested frame  residential  sections,  which  are  becoming  increasingly  ba^ai'dous, 
a  bad  conflagration  would   undoubtedly  have   occurred. 

Ft  is  in  realization  of  the  possibilities  of  such  conditions  that  the  larger 
Amei-ican  cities  are  making  every  effort  to  install  the  most  powerful  fire- 
fightitig  ■  facilities-  available.  Systems  of  high  pressure  water  mains  iised 
exclusively  foi-  fire  protection  are  in'gtalled  in  New  York'  (one  in  Manhattan, 
one  in  ,  Brooklyn  and  one  at  Gdney  Island),  Philadelphia,  Toronto,  Ont., 
Winnipeg,  Man.,  Cleveland,  Detroit,  Buffalo,'  Oakland,'  San  Fi^ancisco  and 
Baltimore.  Portland,  Ore.,  Toledo,  Ohio,  Boston  and  Cincinnati  have 
started  them-  .1.  ... 

♦Absti'acted'frorA  a  pamphlet  issued  by  the  Natiotial  Board  of  Fire  Under- 
writers.     .         .  .        •      .     • 
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>  Philadelphia  has  used  its  system  for  nearly  12  years,  and  Manhattan  and 
Brooklyn  about  7  years;  the  experience  in  these  cities  proves  the  feasibility 
of  separate  high  pressure  fire  systems  and  their  superiority  over  fire  engines, 
especially  for  large  fires  which  tend  to  assume  conflagration  proportions. 

The  ^anhattap  &yptenf  illustrates  the  ppssibilities  and  advantages  of  such 
equipment's,  ^he  main  features  are  a  grid^ironed  system  of  underground 
pipes,  12  to  24  Inches  in'dialnfeter,  to  which  is  connected  two  pumping  stations 
taking  water  from  the  city  mains  and  delivering  into  the  high  pressure 
iystent  at  presstttes  of  1^5  to  300  pounds.  Each  station  is  equipped  with 
6  centrifoial  pumps,  driven  by  direct  connected  induction  motors.  Each 
puTrip'  Wais"  guaranteed  to  deliver  3,000  gallons  of  water  per  minute  at  300 
potindfe  prcssttte,  and  at  the  acceptance  tests  did  deliver  an  average  of  3,600 
gallons  per  minute,  a  total  of  43,000  gallons  for  both  stations.  The  delivery 
is  prbtiOri{V>nat«ly  greater  at  lower  pressures,  and  reaches  a  total  of  about 
6^;ooo  gaUoM  pet-  minute  at  200  pounds  pressure.  Fresh  water  is  used,  as 
'  it  ci'u^es  le^  'damage  to  stock  than  sah  water,  and  also  because  it  has  less 
effect  On  VBe  pipe  of  the  systeni;  however,  the  stations  are  located  close 
to  tide'  water  and  till  necessary  connections  are  made  for  the  use  of  salt 
water  in  emergency.  The  precautions  taken  to  insure  the  integrity  of  the 
pumping  stations  and  the  retiability  of  operation  include:  Pumping  stations 
of  fii'epfoof  construction  throughout,  protected  against  exposure  fires  and 
loiraied  oattide  tftc  conflagration  rone;  power  for  operating  the  pumps  sup- 
filied '  ftofn  5  diffctent  power  stations  of  the  New  York  Edison  Company, 
WHh  >  dtiplidate  sets  of  underground  cables  to  each  pumping  station;  dupli- 
cate tt^ains'from  the  pumping  stations  to  the  gridiron  system,  and  automatic 
Helief  and  pressure-regulating  valves  at  each  station.  Pressure  is  not  kept 
up  at  all  times;  when  a  fire  alarm  comes  in  from  the  district  covered  by 
the  ' System  the  ptimps  are  started  and  pressure  raised  to  125  pounds.  This 
takes  le^s  than  ohe  minute,  so  that  the  water  is  always  ready  before  the  fire 
department  can  Jay  a  line  of  hose  and  connect  to  a  hydrant. 

t^rge  post  hydrants,  to  which  4  or  5.  lines  of  hose  may  be  attached,  are 
the  only  connections  through  which  water  can  be  drawn  from  the  system, 
and  the  po^ibility  is  avoided  of  connections  inside  buildings  breaking  and 
bje^ding  ,tl^  .system.  Each  hydrant  is  cafMiblc  of  supplying  at  high  pcessare 
.as  muqh  water  as  5  ordinary  fire  engines  of  the  first  size. 

<rhd  temdency  in  all  modern  fiire  departments  Is  to  use  large»  penetrating 
streams^  aa.>theee  alone  are  effective  on  a  fire  well  under  way  in  the  ordinary, 
laiCge^areai  building  filled  with  combustible  stock.  Each  large  stream  requires, 
tinder  the'  nhfost  favorable  circumstances,  cne  first  sire  or  larger  engine  or 
two  smaller  ones,  working  up  to  full  capacity,  while  one  hydrant  on  the 
high  i3ressure  system  can  supply  4  or  5  such  streams. 

A  signalling  system  is  provided,  by  means  of  which  the  officers  in  charge 
at  a ,  fire  can  communicate  with  the  pumping  stations  from  any  location  in 
the  district  covered.  More  pressure  can  be  ordered  at  any  time  and  is 
immediately  available.  As  many  of  the  pumps  are  operated  as  are  necessary 
to  maintain ,  the  desired  pressure  and  this  pressure  can  be  sustained  for  any 
leifgth  of,  .time.  Mr.  I.  M.  de  Varona,  Chief  Engineer  of  the  Department 
of  Water  Supply,  Qas  and  Electricity,  New  York,  reports  as  foltows  on 
January    26,    1909: 

"  The  high  pressure  fire  system  in  New  York,  which  was  put  officially 
into  service  on  Jvily  6,  1908,.  has  been  successfully  operated  since  that  date 
at  one  hundred  and  fifteen  fires,  but  it  had  Its  crucial  test,^and  one  to  which 
it  will  not  probably  be  subjected  again  in  years,  Qiiliz«h^y  Vthp^it^  and  9th  of 
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January,  1909,  when  it  was  brought 'into  service  for  five  simultane6ti8  fires, 
three  of  them  df  much  more  than  the  usual  extent  and  activity,  onb  p£rr- 
ticularly   so. 

"  These  fires  occurred  at  Hudson  and  Franklin  streets,  Hester  street  and 
the  Bowery,  Houston  street  and  Broadway,  Sixth  avenue  and  i/lh  street, 
artd  Houston  street  and  the  Bowery.  The  situation  became  so  d'ihgcrdufe 
that  cvei-y  engine  south  of  37th  street^ — i.  e.,  forty  engines — was  stimmoiied, 
as  well  as  a  force  consisting  of  twelve  battalion  chiefs  and  more  than  6bo 
men,  but  there  was*  no  need  to  use  a  single  one  of  the  fire  engines.  The  fire 
at  Franklin  and  Hudson  streets  was  particularly  severe,  and  described  fey 
Chifef  Croker  as  a  *  3-9  *  fire.  But  even  in  that  casd,  the  extraordinaniy 
effective  work  of  the  high  pressure  fire  streams  prevented  the  spread  of  the 
flames  beyond  the  building  in  which  the  fire  originated,  and  successfully 
extinguished  it — a  result  which  the  Fire  Department  Chief  declared'  could 
never  have  been  accomplished  with  the  old  system.  The  result  was  the 
same    at    the    four    other   fires. 

•*  The  area  of  buildings,  number  of  alarms  and  time  of  service?  were  as 
follows : 

"At  Hudson  and  Franklin  streets,  where  the  largest  fire  occurred,  the 
area  of  the  building  affected  was  13,400  square  feet.  For  this  fife,  four 
alarms  were  received,  the  first  at  7:22  p.  m.,  on  January  7th,  and  the  service 
was   shut  down  at   10:34  a.  m.,  on  January  9th. 

"At  Hester  street  and  Bowery,  the  area  of  building  affected  was  3,600 
sqiiatt  feet.     Three  alarms  were  received,  the  first  at  7:52  p.  m:.,  January  7th. 

"As  <he  "violehce  of  the  fire  increased,  additional'  pumps  were  brougrht  Into 
service,  so  that  at  one  time  four  pumps  and  motors  were  in  cpmmissioh  ait 
the  Oliver  and  South  Street  Station  and  three  pumps  at  the  Gansevoort  and 
West  Street  Station,  delivering  33.500  gallons  per  minute  against  an  average 
pressure  of  225  pounds  at  the  ptimps  and  205  pounds  at  the  hydrantJj:** 

Chief  Croker  of  the  New  York  Fire  Department  Is  of  the  opinion  that 
several  fires  have  been  checked  by  the  use  of  the  high  pressure  system  which 
would  otherwise  have  assumed  disastrous  proportions.  This  is  due  to  the 
ability  of  the  department  to  put  in  operation  a  large  number  of  powerful 
streams  in  much  less  time  than  could  be  done  with  fire  *  engines  and  without 
the  confusion  attendant  upon<  their  use. 

The  other  high  pressure  systems  in  operation  and  in  course  of  construction 
involve  the  same  general  features,  differing,  according  to  local  conditions, 
in  capacity,  in  type  of  pumps  and  in  motive  power;  in  addition  to  centrifugal 
pumps  and  electric  motors,  reciprocating  pumps  and  steam,  gas  and  oil 
engines  are  successfullyr  used.  The  Buffalo,  Detroit  and  Milwaukee 
systems  are  not  provided  with  pumping  stations,  fire-boats  being  used  for 
this  purpose;  this  has  such  serious  disadvantages  that  most  of  these  cities 
are  contemplating  the  erection  of  a  pumping  station  when  money  is  available. 

In  the  area  covered  by  a  high  pressure  system,  it  is  possible  to  dispense 
with  a  number  of  fire  engines  and  substitute  large  hose  wagons;  in  Man- 
hattan, eight  engines  have  been  thus  replaced.  The  number  of  pieces  of 
apparatus  necessary  is  reduced  and  the  engines  replaced  can  be  removed  to 
districts  where  they  may  be  needed.  Not  much  additional  apparatus  would 
have  to  be  provided,  as  the  hose  wagons  and  hose  with  which  the  department 
is  now  equipped  could  be  used  in  connection  with  the  system.  An  engine 
company  of  13  or  14  men  equipped  with  a  large  hose  wagon  can  lay  3  or 
4  lines  and  handle  as  much  water  as  could  be  delivered  by  twice  that  number 
of  engines.  This  means  that  2vof  the  men  required  to  operate  and  drive 
an  engine  would  not  be  needed  for  this  purpose  and  would  be  available  foj: 
hose   duty   in  each   company   converted    from    an   engine   to   a   high   pressure 
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hos^  company.  Twp  of  the  high  pressure  wagons  may  be  put  in  the  quarters 
which  now  house  a  single  engine  company,  thus  the  protection  of  the  district 
covered    from   one   station   can   be   greatly   increased. 

Another  great  advantage  of  such  a  system,  as  brought  out  in  the  report 
quoted  .above,  is  that  the  high  pressure  companies  Responding  on  first  alarms 
can  handle  fires  w)iich,  under  the  present  system,  require  second  or  third 
alarms,  being  able  to  quiickly,  put  powerful  streams  in  operation  on  the  fire 
and  alsjo  to  handle  in  the  early  stages  as  many  streams  as  can  be  obtained 
from  the  engines  responding  on  third  alarms.  The  avjerage  time  between 
tl^e  receipt  of  a  first  alarm  and  the  sending  of  a  second  alarm  for  the 
same,  fire  is  6  minutes  in  Boston,  and  it  will  take  an  average  of  5  minutes 
more  before  the  second  alarm  companies  are  at  work,  under  the  most 
favprable  conditions.  Thus,  with  the  high  piressure  system  there  is  a  saving 
of  tin^e  at  the  most  vital  stage  of  a  fire;  this  saving  will  be  at  least  as 
much  as  the  time  between  the  first  and  second  alarms,  and .  for  fires  which 
would   now   require   a   third   alarm   the  saving  is  even   more. 

B.ut  of  all  poi;its  justifying  the  installation  of  a  special  high  pressure 
system^  probably  the  most  important  is  the  unprotected  condition  of  the  con- 
gested .value  district,  if  fire  engines  are  depended  upon,  during  the. progress 
of  a  s^riosu  fire  of  several  hours'  duration  in  another  part  of  the  city.  This 
was  exemplified  .in  Bosjton  on  August  9,  1910:  An  alarm  was  received  at 
6:17  p.  M.  frpm  Box  58  (corner  of  Dover  and  Albany  streets)  for  a  fire 
which  started  in  the  lumber  yard  of  Blacker  &  Shepard  Lumber  Company, 
at  350  Albany  street.  The  fire  had  attacked  adjoining  property  when  the 
firs|t  ,^j;)aratu?  arrived,  ai|d  in  a  few  minutes  crossed  Albany  street  into  a 
frame  tenement  -  block,  the  fire  department  repair  shop  and  a  wood-working 
factory.  .Boxes  s6  and  112  were  also  pulled  for  this  fire,  and  alarms  from 
Bpx  s8  were  sent  as  follows:  Second  at  6:23,  third  at  6:27,  fifth  at  6:28, 
and  sixth  or  general  at  6:30  p.  m.  These  alarms  called  to  the  fire  38  engines, 
2  fife-b(^,ats,  16  ladder  companies,  5  chemical  enginp§  and  3  water  towers.  This 
left,  for  the  inimediate  protectipn  of  the  city,  7  engines,  n  ladder  and  8 
chemical  companies.  At  6:28  p.  m.,  while  the  fire  was  still  spreading,  the 
fire  alarm  office  began  calling  for  assistance  from  the  surrounding  towns 
and  ..cities;  17  engine  and  hose,  2  hose  and  a  ladder  company  were  sent 
and  began  to  arrive  in  about  30  minutes.  TJie  first  of  this  apparatus,  9 
engines  in  all,  we^t  directly  to  the  fire.  Three  engines  and  one  ladder  com- 
pany  went   into   quarters   to   cover   districts   without   protection. 

At  7:50  P.  M.,.,wl?ile  the  fire  on  Albany  street  was  still  burning  fiercely 
and  •  not  as  yet  well  under  control,  an  alarm  was  received  from  Box  44  for 
a  fire  in  a  5-story  g;ranite  building,  55-59  High  street,  occupied  by  the 
H.  W,  Johns-Manville  jCompany.  Four  engine,  4  ladder  and  3  chemical 
con^panies  of  the  Bostop  department,  which  were  in  quarters,  responded  and 
out-of-town,  apparatus  on  the  way  to  the  Albany  street  fire  began  to  arrive 
soon  after.  This  fire  was  very  stubborn  and  at  8:43  a  second  alarm  was  sent 
from  Box  44.  At  that  time  the  only  apparatus  In  fire  stations  in  the  City 
of  Boston  consisted  of  a  ladder,  a  chemical  and  two  engine  companies  in 
East  Boston,  a.  ladder ,  company  and  a  chemical  engine  in  Charlestown,  an 
engine,  a  chemical  and.  a  ladder  company  in  Brighton,  an  engine,  a  ladder 
and  a.  chemical  company  in  Roxbury  and  West  Roxhury,  an  engine,  a  ladder 
and  a  chemical  company  in  Dorchester,  and  2  chemical  engines  in  the  down- 
town and  Backbay  districts. ,  None  of  this  apparatus  responded  to  this 
alarm,  6  engine  and  4  ladder  companies,  a  chemical  engine  and  3  water 
towers  being  ordered  from  the  Albany  street  fire,  which  W9S  then  under 
control-  The  time  required  for  these  companies  to  pick  up^  go  to  the  High 
street  fire  and  get  to  work  was  of  course  much  longer/ Xfa!E0(M^wQuld  take 
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second  alarm  apparatus  to  get  to  work  under  ordinary  conditions.  /So  that 
for  over  two  hours  during  these  two  iires,  41  engines  (7  from  out  of  town), 
2  fireboats,  12  ladder  companies  and  4  chemical  engines  were  working  at 
the  Albany  street  fire,  while  16  engines  (8  from  out  of  town),  8  ladder 
compatiies  and  4  chemical  engines  were  wy)rking  on  the  High  street  fire, 
and  the  3  water  towers  were  at  one  fire  or  the  other.  Companies  began 
to  return  to  quarters  after  11  f.  m.,  but  until  the  following  day,  the  protec- 
tion of  niany  sections  of  the  city  was  very  weak,  and  during  much  of  this 
time  the  protection  in  the  adjoining  cities  was  seriously  weakened.  From 
6:30,  when  the  general  alarm  was  given,  until  ii  p.  M.,  the  situation  was 
serious,  and  would  have  been  much  more  so  except  for  the  assistance  sent 
in  from  the  surrounding  towns.  Such  conditions  are,  liable  to  occur  at  any 
time  and  are-  a  strong  argument  for  providing  the  additional  protection  of 
a   high  pressure  system. 

To  sxi'm  up  the  advantages  of  the  high  pressure  fire  system:'  A"  large 
number  of  powerful  streams  can  be  concentrated  on  a  iire  in  mubh  shorter 
time  and  with  feiKrer  men  and  less  apparatus  thaq  with  fire  eng|nef>  and  at 
the  same  time  the  protection  of  the  rest  of  the  city  would  not  be  weakened 
to  the  extent  now  necessary  on  third  and  fourth  alarms  from  the  district 
covered  by  the  system.  It  will  deliver  its  full  capacity  at  any  point  in  the 
district  covered  and  at  any  desired  "pressure,  hAd  can  sustain  this  pressure 
as  long  as  wanted.  It  eliminates  the  conf usibn  entai(e4  ia  the  operation 
of  a  large  number  of  fire  engines,  tends  to  prevent  the  misunderstanding 
of  orders  and  in  every  way  simplifies  operation.  Above  all,  it  provides  pro- 
tection to  the  congested  value  district  even  with '  a  general  alarm  fire  under 
headway  in  another  part  of  the  city  and  is  the  greatest  insurattce  against 
conflagration,  forming  an  effective  barrier  against  fires .  starting  outside  '•  the . 
district,  and  affording  the  most  efficient  check  of  fires  in  the  district  which 
might   otherwise   involve  a  number  of  large   blocks.    . 

Practical  experience  has  shown  that  the  following  requirements  stioUld  be 
met  in  the  design  of  a  separate  high  pressure  fire  system  to  insure  good 
fire    protection   in   districts   it   is   to  cover: 

A  fij?eproof  pumping  station,  with  all  openings  protected  in  an  appr^ived 
manner  and  removed  from  the  zone  of  sweeping  conflagrations.  Station  to 
be  equipped  with  sufficient  pumping  units  of  moderate  capacity  to  aggregate 
a  total  capacity  of  20,000  gallons  per  minute  at  300  pounds  pressure^  taking 
suction  from  a  fresh  water,  supply,  and'  delivering  into  the  gndiron  dystekn 
through  well  looped  and  gated  discharge  connections. 

The  distribution  system  to  be  connected  with  the  pumping  station  through 
dupKcate  sujiply  mains  and  to  be  so  designed  as  to  deliver  the  ftilT  Capacity 
of  20,000  gallons  per  minute  about  any  block  within  the  area  served,  without 
excessive  loss  of  head;  to  contain  no  pipes .  less  than  12  inches  in  diameter, 
no  dead  ends  and  be  connected  at  all  intersections.  Connections  to  be  pro- 
vided to  the  system  so  that  the  fire-boats  may  be  used  dS  auxiliary  pumping 
stations  in  case  of  emergencies,  and  system  to  he  provided  with  gate  valves 
so  placed  that  not  more  than  500  feet  of  pipe  will  have  to  be  cut  out  at  one 
time. 

Hydrants  to  be  of  ample  dimensions,  with  4  independently  gated  hose  out- 
lets and  connected  to  the  mains  through  8-inch"  gated  connections;  to  be  so 
distributed  that  the  average  area  served  by  each  shall  not  exceed  40,0^0  square 
feet. 
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Fire  Extinguishing  Agents.^ — Water  is  the  universal  extinguish- 
ing agent  for  use  on  fires,  its  principal  value  being  the  cooling 
effect  it  has;  only  when  applied  to  a  small  fire  or  in  very  large 
quantities  on  a  iarge  fire,  or  in  such  a  manner  as  to  completely 
surround  the  burning  object  ican  it  serve  as  an  excluder  of  oxygen. 
The  best  extinguishers  are  those  of  a  gaseous  nature ;  carbon 
dioii^ide^  sulphur  dioxide  ajad  ammpnia  and  the  ,  gases  liberated  by 
carbon-tetrachk)ride  when  applied  to  a. heated  object. 

Of  the  three  gases  mentioned  above,  carbon  dioxide  is  to  be 
preferred,  being  cheaper,  more  easily  obtainable,  and  safer  to  work 
\vii;h  than  the. jothers,  which  are  far  more  dangerous  to  m^n.  When 
prieaeat  in  sufficient  quantity  {about  lo.per  cent)  carbon  dioxide — 
and  in  some  instances  sulphur  dioxide  as  well — will  render  explosive 
mixtures  of  air  and  gases  harmless. 

In  all  cases  where  water  is  inadmissible,  dry  fine  sand  is  suitable, 
and  the  blanketing  effect  of  sawdust  and  like  substances  has  been 
used  successfully,  if  thrown  on  to  the  seat  of  the  fire.  Once  used, 
especially  when  fires  of  oil  or  resin  are  in  question,  such  sand,  etc., 
should  be  thrown  aside,  and  not  employed  again. 

For  extinguishing  fire  in  special  cases,  the  following  substances 
and  methods  have  proved  most  useful: 

Fires  of  oil,  fats,  mineral  oils,  waxes,  ozokerit,  tar,  resins,  lacquer, 
varnish,  carbon  disulphide,  alcohol,  ether,  benzol,  acetone,  wood 
spirit,,  ^d  similar  substances: 

In  the  open :  application  of  carbon  tetrachloride,  ammonia,  chloro- 
form, ?and,  earth,  ashes,  bags  and  clothes; 

In  ptosed  rooms:  exclusion  of  air,  introduction  of  quenching 
gases  or  steam; 

Iti  ianks :    putting^  on  the  covers ; 

With  the  oils  and. fats  water  should  never  be  used. 

Fires  con<:erning  acids,  acid   carboys  and  nitrating  liquid: 

W^ter  must  be  used  in  all  cases;  never  sand,  earth,  or  even 
ashes.    Tan,  sawdust,  or  organic  substances  will  only  feed  the  fire. 

Fires  of  gases,  vapors,  mixtures  of  air  with  gas  or  vapor: 

In  the' open:    chloroform,  carbon  tetrachloride. 

Indoors:    steam,  exclusion  of  air. 

In  tanks.:    putting  on  the  covers. 
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Fires  in  the  centre  of  coal> heaps: 

At  the  outset :    dividing  into  smaller  heaps  (siirface  cooljng)  ;  ' 

In  advanced  stages:  water,  but  only  in  the  event  of  a  sufficient 
supply  being  available  to  thoroughly  4renph  th^  wholi?  h^fii^'t  p^rl^l 
quenching  will  merely  iavor  the:  progress  of  the  fire. 

Fires  in  waste  heaps,  dumped  so4a  waste,  pyrites,  or  substa^c^? 
containing  metallic  sulphides:  <  . 

In  the  advanced  stage  (mostly  internal  conBagr^Mons))  water 
must  never  be  used,  oh  account  ql  the  risk  qf  osqyhydfogen  gas 
being  formed,  ^nd  of  th^  liberation  of  coTpbustible  sutphur,etted 
hydrogep.  •. 

Furthermore;*;  when  extensive,  heaps  take  fine  ther^  is  iiotl^ing  <tP 
be  done  but  to  stop  up  all  openings,  so  as  to.  present  access. o|,air< 
Small  heaps  should  be  opened  put,  thrown  apart,,  a^d  then  quenched 
with  water,  if  surface  cootipg  do^a  not  effect  ti%e.  desired  .resu)tv 

Fire  Pails. — Because  everyone  knows  enough  to  throw  a  pail  tdf 
water  on  a  fire,  the  underwriters  consider  fire  pails  an  added  protec- 
tion to  any  plant.  The  principal  fault  to  be  tornid  with  tfiem  is 
that  usually  when  needed  they  are  not  in  their  regular  pl^ce,  but 
are  being  used  in  the  boiler  room  to  mix  boiler  scale  compound,,, or 
out  on  construction  work  as<  water  pails,  cm*  in  any  of  a  buindted 
different  places  or  uses  that  a  hand  pail  ciin  be  put  to.  To  prevent 
this  most  fire  pails  are  made  so  they  will  not  be  handy  to  use  in, 
this  way. 

Another  cause  of  complaint  is  that  they  are  seldom*  kept  Ailed 
with  water.  Regular  and  systematic  inspections  is  the  only  cure 
for  this,  although  partial  remedying  of  it  can  be  ob^ainied  by  pro- 
vidi^lg  a  tank  or  barrel  near  by  into  .which  the  pail  cs^t\  be  dipped. 

A  very  convenient  form  for  fire  pails  is  the  combined  pail  and 
tai>ik,  the  pail  or  pails  nesting  in  the  tank. 

No  set  rules  can  be  laid  down  for  the  number  of  fire  palls  neces- 
sary for  every  plant;  there  cannot  be  too  many,  particularly  if  the 
labpr  employed  is  ignorant  and  unskilled,  and  prpba)i)ly  woi^ld  «|ot 
know  how  to  use  other  appliances.  In  the  Regulations ,  on  Fire. 
Pails  issued  by  the  National  Board  of  Fire  Uiiderw;rite|rs  4f»  »W>3. 
the  number  and  arrangement  of  pails  was  given  as  follows; 

Number  and  Arkavgement. — To  be  placed  as  required  by  the  underwriters 
having  jurisdiction,  not  less  than  one  dozen  to  every  5»ooo  ff,  floQr,,area, 
and  to  be  hung  on  hoolcs  or  set  on  shelvias  arranged  so  that  bottom  oi  p^il 
shall  be  not  less  than  2  feet  or  top.  of  pail  more  than  5,  feet  itom>  floQr. 
Where  other  than  flat  bottom  pails  ^e  used,  the  holes  cut  in  shelves  shall 
be  only  large  enough  to  receive  the  oval,  the  flanges  to  rest  on  top  jof  the 
shelf.  ..   .  ; 

Three  ptUls  and  i  iilkd  ca^fc  of  at  least  60  gallons  capacity,  or ,  i ,  approved 
portable  extinguisher  and  6  pails  to  be  considered  the  equivalent  9if4 


520  Fire  Prevention  and  Protection 

Note. — In  all  cases  there  must  be  lit  Ifeafet  the  muiflter  of  i^iiailf  on  each 
floor  as  reauired  by, the  rule  o£  12  to  each  square  feet  .floor  area,  i.  ,^.,  oply 
one-half  of  the  pails '  inquired  on  each' floor  ran  be'  i^placed  by"6ne  ox*  more 
c|iemical.. extinguishers.  ....  r  ,'-',    f  .     •  .     ;■ 

It  i-s.  very  impdHant,' with  aill  f drrh  bf '  fife  ektihguishers,  that  a 
sign  be  placed  irnmediately  by  it,  tb  the  effect  that  SOVNBING'^HE' 
ALARM  'OF  FIRE  IS  THE  FIRST  CONSIDERATION.'  It  is 
impossible  for  the  person  to  tell  whether  he  i§  goinlg' 'to' 'cdhtrd!  the 
fire  <if  riot,  latid  if  he  does  riot,  and  Spends  Valtiable  time  in  the 
futile  atterifipt,'  it  will  probably  be  too  late  fof  assistance*  frdm  the 
fire' lyrigade  or  ]publit*  ■fire'  department  to  be  of  ariy  'iise  by  the  time 
he  sends  in  the  alarm  after  being  defeated  in  his  efforts  of  extin- 
guishtmg  the  bteze.  It  wais  just  such  a  <ia;sfe  that' resulted  in 'the 
almost  total  destruction  of  the  Ediioh'' plant  in'  1914. 

Regulations  for' the  constrtjetion  of  ftre  pails  were  'last  iisued  by 
the  National  Board  of  Fire  Underwriters  in  1963  and  were  as 
followsi:.     ,  .(  ;.     :  ••        .*  .i  >  ■  -    .  •:     .  .       -i.  -'i  ••  r 

FiSiE  PAiLS^-^Siate  -8.  }o,>:i2  e^'  14  quart,  tl»&  medium  size  of  ia  qt»ut 
being  the  mo^t  g^eiralTy  used.     :.,.,..,  j     ,,    •       .        '  ' 

Bottom.j-Flat,  oval  or  cpne  shape  (s^-inch.  pitc^),  or  ,witb,  rovinded  band 
across,  at  least' "^x  i  inch',  bent  to  circumference  of  bottom,  two  rivets  at 
'eAldi  tfndl    ■■'    '  •-.■:-»/.  ■<■       •        ■•,.••  .1  ..       •    .' 

M^terial.-)-Gttlvanissed  iron,  rjtw  sheet. from  stbck  to;bc  not  ligbte**  than 
No.   28  ga^ge    (.QI5;  injch);   .  ;,  .1   ... 

Construction.— To  hie  assembled  with  lock-joints  sold^re4  or  galvanized. 
Beade(^  rim  around  top  of  not  less  than  No.  9  wire,  and  handles  to  be  of 
not  less  than   No.   6  wire.      Ears  for  handles  to  be  riveted  to  pail. 

CdVers.T-»-Noft  cblistdered  ess^tiilbut  desirable;*  If  used, 'to  be  -of  sheet 
ir.on  .stamped  ;;with  deprc^ssjoi^  |\ttiti(g  inside  of  tpp.pf;paU  and  fi^  fdge 
extending  over  edge.     Knob  or  ring  to  be  provide4  to  remove .  (Coyer.     ■ 

Galvanizing^ — To  be  done  after  the  pail  is  made,  entire  pail  to  be  dipped. 

Painting.— Td  b€J  painted  red  on  6utside  ind  ste^iidned  '"Fife"  in  bTdck 
letters '2H  incbe«  high.  i    mV  ,      ••  •  .1 

Painting  inside  of  pail  not  k-equir<ed,t  ^^  ^^  i^  regarded,  an .  item  .of  economy, 
in  that  it  prolongs  the  life  of  .the . pail.       .   ,    '.  ,. 

Mark'ing.-^Each  pail  must  te  plainly  and  permanently  marked  '  with  its 
trade-hhmie  '  and  the  hame,   ffiitf^ls  of  trade'iriark  ^t  th^ '  n^anttfactiirer. 

'  Th^'se  have  been  modlfiecl  somewhat  in'thei'f  application  by  the 
Underwriters*  Liaboiiatortes;  Inc.'  In  the  list  of  Fire  Appliances 
issued  %  the  Lab^fktbriefe  the  following  statement  is  made : 

Hand  Fire  ifcxtmguishers  made  of  iron,  steel  or  fibre;  pail  type;  operated 
by  throwing  liquid'  from  pail;  extinguishing  agent  used,  water  or  solutions 
containing   anti-f reeling   ingredients.  \    '    ' 

Theise  Appliances  have  be'i^tl  shown  to  be  elective  on  incipient  firefe  where 
water  or  solutions  containing  large  'percentagej/  of  water  afe  effective,  but 
on  account  of  their  form  their  use  is  limited  to  iires  wtiich  inay  be  readily 
reached  by  the  liquid  thrown  fr6m  a  pail.  Their  use  on  "ttectricil  ai^  or 
machinery  or  wiring  carrying  high  voltage,  may  be  dangerous  on  account  of 
the  conductivity  of  the  liiquid.  They  are  of  little  steiVice  ,ft»  liquids  of  a 
flatttoiablfe  "nature.'  '     :  Digitized  by  V^OOglC 
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When  water  only  is  used  they  must  be  protected ,  against  frost.  WlMre 
it  is  desired  to  protect  the  contents  of  exposed  pails  against  freezing,  ,by 
the  addition  of  calcium  chloride  or  other  salts,  inspection  departments  having 
jurisdiction  should  be  consulted. 

Protective  users  should  first  ascertain  from  the  inspection  department  having 
jurisdiction  under  what  conditions  extinguishers  of  this  type  will  be  accepted,  , 
and   should   make  contracts   subject   to   approval   by   them  of   the  setting,'  dis- 
tribution and  nmttbef  to  be  used  in  respect  to  floor  area. 

Pails  in  Tanks. — The  Underwriters'  Laboratories  give  under  this 
heading,  the  following: 

Hand  Fire,  Extinguishers  consisting  of  six  nested  iron  or  steel, 4)ails 
immersed  in  water  or  suitable  non-freezing  solution  in  cylindrical  steel  tank. 
Tank  capacities  22  to  40  gallons;  pails   10  to   14  quarts. 

T'lese  tanks  are  made  to  take  the  place  of  ordinafy  '  fife  pails  and  have 
the  advantage  of  storing  liquid  in  a  tight  receptacle  so  that  there,  lis  prac* 
tically  no  evaporation. 

Hand  Pumps. — In  the  earlier  days,  and  to  a  si^all  pxtent  by 
fir^  departments  now,  use  was  made  of  a  small  puinp  which  set 
m  a  bucket  and  from  which  a  stream  could.be  delivered  for  a 
consideraye  distance.  This  has  now  been  supersede^  by  chemical 
extinguishers. 

Chemical  Extinguishers. — Various  attempts  have  been  made  to 
apply  the  principle  of  generating  gas  chemically  in  a  closed  con- 
tainer and  thus  provide  sufficient  pressure  back  oi  ai  cohimn  of 
water  to  permit  its  use  as  a  fire  extinguisher.   . 

Soda  and  Acid  TVpe.— Of  the  different  forms  the  most  common 
is  the  soda  and  acid  extinguisher,  in  wHich  the  action  of  sulphuric 
acid  on  a  solution  of  bicarbonate  of  soda  generates  sufficient  car- 
bonic acid  gas  to  expel  the  water  with  good  force.  The  gas  itself 
acts  as  an  extinguishing  agent,  and  the  sbda  solution,  which  must 
be  of  sufficient  strength  not  to  leave  a  trace  of  the  sulphuric  acid, 
as  the  acid  would  injure  goods,  has  a  slightly  greater  extinguishing 
effect  than  plain  water.  I 

"The  acid  must  necessarily  be^  securely  contained,  to  lirevent  a  too 
early  application,  but  must  also  have  its  container  of  sUch  a  type 
that  sureness  of  opetaWon  will  be  obtained.  Two  general  types  are 
in  use,  one  where  the  acid  stopper  fits  loosely  in  the  container  and 
drops  out  when  it  is  inverted  and  the  other  with  a  container  which 
is  ruptured  by  t)uncturing  or  pressure.  •   ^ 

Such  extinguishers' can  be  made  in  any  size,  but  usually  are. suffi- 
ciently sinall  to  be  portable,  whether  on  wheels  or  by  hand.  The 
sizes  generally  used  are  the  33-gallon  wheeled  tank  for  factory  use, 
the  2^-gallon  (standard  size)  hand  extinguisher  anci  the  ij^-gallon 
hand  extinguisher;  the  last  is  primarily  for  use  by  women  and 
children  and  has  approximately  60  per  cent  of  the  value  of  a 
standard  extinguisher.     Their  construction,  in  apfeitfeuBy tsQfil^tec- 
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tioft  to  the  Underwriters  is  concerned,  is  covered  by  the  inspection 
service  of  the  Underwriters'  Laboratories'.  In  the  list  of  fire 
extinguishers,  the  following  is  given: 

These  appliajices  are  effective  oh  fires  where  water  or  soltitkms  containing 
large  percentages  of  water»  aie  effective.  Their  use  on  electvic  arcs  or 
'  wiring  .carryios  high,  voltage  may  be  dangerous  oa  account  of  the  condnc- 
tivity  of  the  liquid.  They  are  of  limited  service  in  hazardous  liquid  fires. 
They  must  be  protected  from  freezing.  Subject  to  the  above  limitations  these 
extinguishers   ire  standard   for  general   use. 

All  forms  of  fire  extinguishers  which  have  niet  the  tests  of  the 
Laboratories  have  labels  sdldered  on  them,  and  as  there  is  consid- 
erable danger  of  poorly  constructed  appliances  being  ruptured  by 
the  gas  wh«n  put  in  use,  it  is  strongly  advised  that  labeled  extin- 
guishers be  insilsted  upon,  to  lessen  such  danger. 

Compressed  Air  Type.— A  form  of  extinguishers  used  in  large 
chemical  engines  of  fire  departments  and  to  a  less  degree  developed 
for  smsllt  extingufshers  is  one  making  use  of  compressed  air  for 
the  force  to  ejtpe!  the  fluid,  which  may  be  only  pure  water  or  may 
have  ammonia  of  soda  in  solution.  With  2  to  5  per  cent  solution 
of  soda,  it  is  claimed  that  the  extinguishing  force  is  greatly  in- 
creasedv  the  heait  driving  off  carbon  dioxidie  which  settles  around 
the  ^t^  and  smothers  it  out ;  about  15  per  cent  of  this  gas  m  the  air 
will  exthiguish  flame.  The  larger  of  these  air  pressure  systems,  as 
used  by  the  fire"departinent,  has  a  separate  tank  or  tanks  which  are 
chfirged  with,  air  at  hig^  pressure;  when  put  in  use«  the  air  is  let 
into  the  solution  tank  through  a  regulating  valve  and  discharges  the 
liquid.  These  have  some  points  not  in  their  favor,  principally  the 
danger  of  leakage  of  the  air  and  the  need  of  maintaining  an  air 
pump  of  considerable  power. 

In  some  of  the  small  hand  extinguishers  use  is  made  of  air  or 
carbonic  acid  gas  in  a  metal  capsule'  similar  to  those  used  in  charg- 
ing vichy  or  seltzer.  When  these  are  punctured  the  liberated  air 
or. gas  expels  the  liquid.  None  of  these  have  been  listed  by  the 
Underwriters*  Laboratories,  but  it  is  believed  tbey  will  be  as  they 
are  further  perfected,  especially  in  connection  with  small  extin- 
guishers of  the  type  described  below. 

Carbon  Tetrachloride  Type. — A  form  of  extinguisher  developed 
in  recent  years  that  has  met  the  approval  of  the  Underwriters  is 
the  small  hand  extinguisher  seen  generally  around  places  where  oils 
are  kept  or  used.  These  as  described  by  the  Underwriters'  Labora- 
tortesr  are: 

Hand  Chemiaal  Fire  Exttnffuishers  of  about  one  quart  capacity,  utilising 
as    extinguishing    agents    special    liquids. 

These  appliances  are  effective  on  incipient  fires  in  hazardous  liquid,  calcium 
carbide  and  rapidly  burning  materials  (such  as  celluloid  and  ceUuloid  products), 
and  oA   incijpient  firts  iti  cotton   and   fabrics.     Theytiza*ey  wQ^dgi^te  fires 
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not  easily  extinguished  by  water.  They  are  especially  adapted  for  garages, 
automobile  and  motor  boat  use,   dnd  for  electric  arcs. 

Because  of  the  \o^  freezing  point  of  the  extinguishing  liquids  (minus  50 
degrees  F.),  these  extinguishers  are  recommended  for  service  where  low 
temperatures  prevail     They  can  be  handled  by  women. 

The  various  manufacturers  furnish  the  liquid  for  recharging 
these  containers  and  advise  against  using  any  other  liquid ;  although 
the  exact  composition  of  these  liquids  is  not  known,  the  basis  is 
carbon-tetrachloride  in  all  of  them,  probably  refined  to  remove 
some  of  the  impurities  that  might  cause  corrosion  of  some  of  the 
parts.  The  earlier  types  were  mainly  sheet  iron  or  tin,  but  these 
would  not  meet  the  Laboratories*  tests,  and  now  they  are  made  of 
copper.  The  first'  type  made  was  equipped  with  a  pump,  which 
worked  inside  the  cylinder  and  discharged  the  liquid ;  improvements 
were  made  including  the  substitution  of  a  double-acting  pump. 
Other  types  have  attempted  the  use  of  cpmpressed  air,  but  these, 
although  better  fitted  for  fire  fighting,  because  of  the  greater  ease 
in  handling  and  in  directing  the  stream,  have  not  received  the 
approval  of  several  investigating  bodies,  including  the  New  York 
Bureau  of  Fire  Prevention  and  the  Underwriters'  Laboratories. 
The  liquid  absorbs  the  air  and  then  the  pressure  is  gradually  re- 
duced, until  the  extinguisher  is  useless.  Frequent  inspections  and 
tests  of  the  extinguishers,  by  means  of  the  ordinary  Schraders'  tire 
tester,  will  prevent  this  possible  loss  of  pressure  being  a  danger, 
and  where  such  tests  can  be  made  sure  of,  it  is  a  very  valuable  form 
of  extinguisher. 

Other  forms  involve  plungers  which  are  operated  by  hand  or  air 
and  drive  the  liquid  out. 

Chemical  Extinguishers  in  Connection  with  Standpipes  and 
Sprinkler  Systems. — A  recent  development  of  the  chemical  extin- 
guisher has  been  that  of  a  stationary  chemical-holding  tank  attached 
to  a  standpipe  system,  and  this  is  being  further  developed  to  make 
it  applicable  to  an  automatic  sprinkler  system.  For  the  system  as 
•perfected  for  standpipes,  the  Underwriters'  Laboratories  report: 

Stationary  Chemical  Fire  Extinguishers;  for  connection  to  a  J«tandpipe 
system  provided  with  hose  , stations;  cylindrical,  tank  made  of  Allegheny 
iron;  liquid  capacity  100  gal.;  chemicals  used,  bicarbonate  of  soda  knd  sul- 
phuric acid.  Extinguisher  placed  in  operation  by  Inversion  of  the  acid 
receptacle,  this  being  accomplished  by  creating  a  pressure  difference  between 
tank  and  distributing  piping.  This  pressure  difference  is  created  by  a  fairly 
sudden  reduction  in  pressure  in  piping,  due  to  opening  any  hose  valve,  system 
normally   being  under   air   pressure. 

This  air  pressure  is  required  to  cause  operation  of  extinguisher,  it  is 
necessary  that  system  of  piping  be  tight,  and  that  air  pressure  be  maintained 
in  system. 

When  properly  installed,  charged,  and  maintained  in  operative  condition, 
these  extinguishers  may  be  expected  to  give  satisfactory  service  in  fires 
where   water,   or-  solutions   containing  large   quantities  of  jit«wartler^-ai^^eJ^wve. 
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Their  use  on  electric^  arcs,  or  machinery  or  wiring  carrying  high  voltages^ 
may  be  dangerous  on  account  of  the  conductivity  of  the  liquid.  They  are 
probably  of  limited  service  on  fires  in  large  quantities  of  volatile  liquids  of 
a   flammable  nature.     They  must  be  protected  against   freezing. 

Inspection  departments  having  jurisdiction  should  be  consulted  before  in- 
stallation in  regard  to  location  of  tank  and  standpipe,  location  of  hose  8ta> 
tions,  quantity  of  hose  at  each  station,  provision  for  preventing  tampering 
with   device,   and  provisions  for   inspection  and  maintenance  service. 

Chemical  Extinguishers  for  Tanks  Holding  Inflammable  Li- 
quids.— The  principal  difficulty  in  fighting  fires  in  tanks  has  been  to 
obtain  a  reliable  extinguishing  medium  which  could  be  easily  applied. 
Because  of  the  nature  of  the  fire,  the  only  good  extinguishing  agent 
is  one  having  a  blanketing  effect,  thus  cutting  off  the  oxygen  from 
the  fire  and  smothering  it  out.  Steam  has  been  the  common  agent 
used,  but  with  little  success  as  it  tends  to  rise  and  is  hard  to  confine 
to  the  surface  sufficiently  to  exclude  th^  air.  ^ 

A  recently  perfected  system,  passed  upon  favorably  by  the  Labo- 
ratories, makes  use  of  the  principle  on  which  chemical  extinguishers 
work.  This  system,  known  as  the  Erwin,  consists  of  a  tank  holding 
a  solution  of  bicarbonate  of  soda  and  soap  bark  in  water.  By  means 
of  fusible  links  extending  over  and  into  the  inflammable  liquid  in 
the  tank  to  be  guarded,  a  hammer  is  held  up,  which,  when  released,/ 
breaks  a  bottle  holding  sulphuric  acid.  This  combines  with  the  soda 
solution  and  generates  carbon  dioxide,  which,  because  of  the  soap 
bark,  forms  a  foam;  this  foam  is  discharged  onto  the  burning 
liquid  and  spreads  over  it  several  inches  thick  and  thus  smothers 
the  fire  out. 

These  installations  are  made  in  two  forms,  one  called  a  "  stand- 
pipe  method"  arid  the  other,  to  be  used  where  there  is  danger  of 
freezing,  called  the  "  underground  method."  The  system  is  reported 
by  the  Laboratories  as  being  suitable  for  all  tanks  up  to  SSooo 
barrels  capacity. 

Figures  74  and  75  are  views  of  a  test  made  of  a  tank  114^  feet 
in  diameter,  with  a  fire  started  in  the  middle;  Figure  y^  was  taken 
3  minutes  and  20  seconds  after  the  tank  was  ignited  and  just  as  the 
extinguisher  began  working;  Figure  78  was  taken  just  before  the 
fire  was  extinguished,  which  required  i  minute  and  35  seconds 
after  the  foam  first  appeared. 

In  an  article  on  oil  fire-extinguishers  for  naval  vessels,  by  Henry 
Williams,  printed  in  the  Engineering  News  June  5,  1912,  is  the 
following  account  of  the  use  of  a  form  of  foam  extinguisher: 

The  adoption  of  oil  fuel  for  naval  vessels  has  introduced  an  element  of 
considerable  danger  from  fire.  Due  to  leakage,  which  it  is  practically  impos- 
sible to  prevent,  from  manholes,  pipe  connections,  pumps  and  seams  in  tanks,: 
oil  collects  in  the  bilges  of  the  fire  rooms.  The  surfaces  with  which  it  conies 
in  contact  remain  coated  witSi  a  film  of  oil,  which  bums  freely  when  ign?tcd 
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or  heated,  communicating  the  fire  to  any  oil  that  may  be  exposed.  This  con- 
stitutes a  danger  t^  ak«i»4|r  Atere  luive  ttaefs  several  fires  which  fortunattly 
have  not  resulted  in  serious  4tm0^  4o  the  Uiips,  thoi^gh  all  of  them  presented 
that   possibility. 

The  extinction  of  audi  fires,  oaoe  they  have  gained  headway,  is  difficult. 
Water  has  no  effect,  as  the  bdtnuing  pil  simpiy  floats  on  the  surface'  of  4ie 
water.  Sand  is  more  effective,  acting  to  smother  the  fire.  It  must  cover, 
however,  the  entire  surface  thai  is  burning,  and  as  it  does  not  flow,  must  be 
applied  locally.  This  is  difficult  for  portions  of  the  bilges  under  boilers  or 
other  obstructions,  and  the  use  of  sand  ^tts  4oe8  not  offer  an  entirely  satis- 
.  factory  guarantee  against  oU  fires. 

Recognition  of  these  circumstances  led  the  Bureau  of  Construction  apd 
Rcywir  ai  the  Nayy  Department  to  undertake  experiments  looking  to  the 
de«Dl«gMnent  of  suitable  fire-extlnguiohing  appliances  to  meet  the  possibility 
of  Mich  fires  and  to  iaewre  thcMl'  ^4»nv>t  extinction.  A  board  was  appointed 
to  investigate  the  subject  and  to  .undertake  the  neoessary  experiments  to 
detennine     the    suitability    of    the    various    systems. 

The  most  promising  methods  that  prea«i»ted  themselves  to  the  board  were 
those  whereby  advantage  is  taken  of  a  heavy  foam  mixture  which,  when 
applied  to  burning  surfaces  <A  oil,  flows  over  them  and  smothers  the  flaifie 
by  shutting  aff  its  air  aup^.  These  foam  mixtures  have  been  tested  ex- 
tensively abroad,  especially  in  Germany,  and  have  given  res«»lts  noiloraly 
satiafaetM-y. 

Portable  extinguishers  were  designed  similar  in  shape  and  sizes  to  the 
chemical  fire  extinguishers  seen  in  buildings  on  shore.  These  have  the  liquids 
in  separate  compartments  and  by  inverting  the  extinguisher,  or  in  later 
models  breaking  the  acid  container,  the  foam  mixture  is  obtained  and  suffi- 
cient force  generated  to  throw  the  foam  a  distance  of  about  ao  feet.  Two 
extinguishers  of  this  type  are  supplied  in  each  fireroom  of  oil-burning  vessels. 
Tlte  <|uestion  is  under  consideration  of  making  stationary  installations  of 
greater  capacity  in  the  firerooms  of  oil-burning  torpedo  boat  destroyers,  and 
experimental  installations  of  this  character  are  being  made.  It  is  by  no 
means  sure,  however,  that  this  system  of  extinguishing  oil  fires  will  prove  a 
success  on  shipboard,  though  it  may  be  accepted  that  its  efficiency  for  shore 
purposes  has  been  demonstrated  beyond  doubt.  One  of  the  most  important 
diQlcuhies  that  may  be  encountered  is  the  possible  effect  on  the  crew  of  the 
carbon-dioxide  gas  given  off  by  the  foamy  mixture.  Ten  per  cent  of  this  gas 
in  $if  lias  ^notm  known  to  prove  fatal,  and  continued  breathing  of  2  per  cen| 
is  4a«fler<»ua.  In  closed  spaces,  sncAi  as  firerooms,  where '  fires  aip  apt  to 
occur,  especial  can  will  need  to  be  taken  to  present  aoc«iniilaliop  o|  this  gas 
when  file  aiyparatus  has  heen  used. 

Aaot^ier  difficulty  and  one  that  may  render  the  system  jfl^^active  i^hen 
nee4e4  «s  tiM  liabtlity  to  deterioration  of  the  mixtures  or  the  loss  by  ^vaiKxra- 
tion  of  t^  water  in  wliich  the  saititiasia  are  fnade. 

TImc  corrosive  action  of  the  acid  mixture  on  the  containers  and  piping  has 
been  <net  m  shore  installations  by  lead-lining  them.  The  excessive  weight 
reqtnred,  however,  is  an  obstacle  to  this  means  being  adopted  for  shipttoard 
instattations,  and  in  these  now  being  fitted  up  reliance  is  placed  on  acid- 
resisting  paint  to  prevent  oofrosieo.  It  seems  probable  that  this  wUI  noi 
prove  adequate  and  that  corrosion  of  the  tanks  and  piping  will  take  place, 
and  that  such  valves  as  are  used  will  be  gendered  ineffec{l[j^^  J;i(^(3l|?)i^[i^e. 
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Minor  Fire  Extinguishing  Apparatus 
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The   formulas   for   the   mixtures  are   as   follows: 


Liquid  No.   i 


Parts  by 
Weight. 


Glue*....:.... 

Glucose ^4 

Soda  Bicarbonate ; 7^ 

Salicylic  acid y^ 

Water .....".' 100 


LiQViD  No.  2 

Parts  by 
Weight. 

Aluminum  sulnhate 10 

Sulphuric   aciu ^^ 

Water.  .* 100    • 

Carbon-dioxide  gas  is  generated  by  the  mixture  of  the  soda  bicarbbnate  and 
aluminum  sulphate.  The  glue  renders  the  liquid  viscous  and  causes  it  to 
produce  the  foam.  The  salicylic  acid  is  added .  as  a  preservative  for  the 
glucose,'  .which  is  intended  as  a  stabilizer  to  prevent  the  too  sudden  precipita- 
tion of  the  aluminum,  hydroxide.  The  sulphuric  acid  aids  in  starting  the 
reaction  and  acts  also  as  a  stabilizer.  It  is  possible  that  it  may  be  found 
that  the  afcid  itself  can  be  omitted  and  in  such  ^n  event  the  corrosive  effect 
of   the  mixture  on  the  container  and  piping  will  be  reduced  considerably. 
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STANDPIPES  IN  BUILDINGS 

Functions  of  Standpipes. — The  functions  of  standpipes  in  build- 
ings are  two-fold,  to  enable  the  occupant  to  extinguish  a  small  fire 
and  to  be  an  auxiliary  for  the  fire  department  or  a  trained  fire 
brigade  in  coping  with  serious  fires,  either  in  the  building  equipped 
or  in  a  near  by  building.  Because  of  these  differences  the  National 
Board  of  Fire  Underwriters  has  considered  it  necessary  to  divide 
the  requirements  into  two  sections  in  treating  the  subject  in  the 
latest  ;-evision  of  the  National  Board's  Building  Code,  from  which 
the  requirements  given  below  are  copied. 

Occupant's  Use. — The  first  function,  that  of  use  by  the  occu- 
pant, is  one  which  is  applicable  to  practically  all  buildings,  but  is 
not  considered  an  essential  unless  the  building  is  of  considerable 
size ;  in  the  smaller  buildings,  chemical  extinguishers,  pails  of  water, 
etc.,  are  usually  sufficient  to  control  the  fire  until  the  arrival  of 
the  fire  department.  For  use  of  untrained  men,  small  hose  is  a 
necessity,  and  also  small  hose  permits  quicker  and  surer  work 
and  does  not  tend  to  give  the  excessive* water  damage  that  usually 
results  ff-om  untrained  handling  of  large  hose  and  nozzles.  As  a 
standpipe  for  this  use  must  be  immediately  available  it  is  necessary 
to  have  water  constantly  in  the  system ;  there  will  not  have  to 
be  a  large  supply  available  to  maintain  this  flow,  as  if  the  fire 
can  not  be  controlled  within  about  30  minutes,  such  streams  will 
be  of  no  avail.  As  given  in  the  requirements  below,  it  is  recognized 
that  one  standpipe  system  can  serve  both  purposes,  but  in  build- 
ings of  excessive  area  this  is  not  feasible  unless  branches  are  run 
on  the  various  floors  to  give  the  proper  distribution  of  the  smaller 
lines. 

Fire  Department's  Use. — In  considering  standpipes  for  fire  de- 
partment or  fire  brigade  use,  it  must  be  recognized  that  one  of  the 
principal  uses  is  in  fighting  a  fire  in  an  adjoining  building  or 
one  across  the  street;  this  has  not  been  very  general  in  the  past, 
but  fire  chiefs  are  awakening  to  the  advantage  thereby  gained  and 
-  in  a  few  more  years  it  will  be  a  very  general  practice.  In  the 
Equitable  building  fire  in  New  York,  every  standpipe  in  nearly 
every  building  was  put  in  service.  As  exemplified  in  this  fire,  as 
many  as  4  lines  may  be  taken  from  one  standpipe  and  because 
of  this  it  is  very  essential  that  the  old  idea  of  providing  a  2-  or 
3-inch  standpipe  must  be  discarded,  and  one  of  liberal  size  required. 
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It  is  practically  impossible  for  a  fire  department  to  fight  a  fire 
in  a  high  building  or  one  of  great  depth,  using  only  lines  from 
the  outside;  to  lay  hose  lines  up  ladders  and  stairs  to  above  the 
4th  floor  is  a  tedious  and  long  task  giving  a  fire  a  gre^t  chance 
to  spread,  but  where  the  engines  can  connect  to  the  Siamese 
inlet  of  a  standpipe  and  the  firemen  have  only  their  nozzles  and 
one  or  two  rolled  lengths  of  hose  to  carry  up  the  stairs  *or 
elevator,  quick  work  can  be  done. 

Standpipe  Hose. — It  is  a  more  or  less  general  practice  for  fire- 
men to  use  their  own  hose  from  standpipe  outlets  and  not  that 
provided  by  the  buildings'  owner.  This  is  due  in  part  to  the  fact 
that  they  are  not  familiar  with  linen  hose,  the  type  recommended 
because  of  durability,  and  consider  it  unreliable  because  it  will 
leak  until  the  strands  have  time  to  swell;  but  an  even  greater 
defect  exists,  it  is  often  in  too  poor  a  condition  to  be  used.  As 
the  firemen  so  seldom  use  it  and  smaller  hose  must  be  provided 
for  the  use  of  the  occupant,  it  might  be  argued  that  th^re  was 
no  necessity  in  providing  2 J/^ -inch  hose  on  fire  department  stand- 
pipe  ;  it  is  the  opinion,  however,  of .  some  of  the  more  progressive 
chiefs,  that  it  should  be  provided,  as  at  times  it  is  used  and  in 
such  cases  it  is  of  vital  value. 

Water  Supply  for  Standpipe. — Where  provided  primarily  for 
use  of  the  fire  department,  a  standpipe  does  not  have  to  be  pro- 
vided with  a  water  supply,  as  this  can  not  easily  be  provided  in 
sufficient  quantities  for  an  extensive  fire  and  the  supply  can  be 
obtained  from  the  fire  engines  through  the  Siamese  efonnection  at 
the  base.  In  the  western  coast  cities  standpipes  for  fire  depart- 
ment use  are  required  in  conjunction  with  or  near  the  fire  escape; 
it  is  considered  that  this  is  satisfactory,  although  greater  use 
could  probably  be  made  of  it  if  it  were  inside  the  building. 

FRICTION  IN  POUNDS  IN  STANDPIPE  PER  100  FEET* 

Gallons    ^        ^  4-Inch  6-Inch 

200  2                                0.3 

300  4  0.6 

400  7  0.9 

500  10                                  1.4 

600  14                                  2.0 

700  19                                 2.7 

800  24                                  3.4 

900  30                                 4.3 

1000  37                                  5.2 

1200  52                                  7.5 

1400  69  10.0 


*  An  allowance  equal  to  100  feet  of  pipe  should  be  made  for  loss  at  Siamese, 
in  bends,  etc.  Digitized  by  VjOOQ IC 
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STANDPIPES  FOR  PRIVATE  PROTECTION* 

1.  In  existing  and  new  buildings  three  stories  and  higher,  except  as  given 
below,  there  shall  be  provided  a  standpipe,  not  less  than  2  inches  in 
diameter,  with  water  supply  constantly  maintained  or  furnished  automatically 
with   the   opening  of   a   hose  valve. 

Exceptions:  Buildings  equipped  with  insiae  standpipe  for  fire  department 
use  (see  page  533)  and  having  also  iV^-inch  connections  with  hose  attached,, 
and  automatic  water  supply,  all  as  provided  in  paragraphs  2,  3  and  4  of 
thi«^  section; 

Dwellings; 

Churches ; 

Other  buildings  having  maximum  undivided  fire  section  of  less  than  2,500 
square  feet  ar^a  and  provided  with  at  least  one  2^-gallon  approved  chemical 
extinguishers    to   each   fire   section; 

Sprinklered  buildings  where  the  requirements  of  this  section  are  met  by 
connecting  hose   to   sprinkler  riser. 

2.  Supply  shall  be  from  one  of  the  following  sources: 

Str^t  main,  where  pressure  is  sufficient  to  maintain  not  less  than  25 
pounds   at   hose   outlet   in   top   story; 

Gravity  tank  of  2,500  gallons  capacity,  with  bottom  25  feet  above  outlet 
in    top    story; 

Pressure   tank   of  3,75©   gallons  capacity,   located   in  top   story  or   on   roof; 

Automatic  pump   of   at   least   250   gallons   a   minute   capacity. 

Provided  that,  if  standpipe  is  intended  also  for  fire  department  use  (see 
page   533),   tank   or  pump  capacity  shall  be   at  least   double  that  given   above. 

3.  Where  a  standpipe  is  connected  to  fire  pump  or  provided,  with  Siamese 
connection,  a  straightway  check  valve  shall  be  provided  in  connecting  pipe 
to  tank,  and  tank  filled  by  a  separate  pipe;  and  where  the  water  in  such 
tank  is  also  used  for  house  supply,  the  house  supply  pipe  shall  extend 
above  the  bottom  of  the  tank  to  such  a  height  as  will  reserve  for  fire  pur- 
poses  not   less   than    the   quantities   required   in   paragraph    2. 

4.  Standpipes  shall  extend  from  the  cellar  to  the  roof,  with  a  i^^-inch 
hose  connection  and  gate  valve,  not  over  5  feet  above  floor  level,  in  each 
story,  including  cellar  and  roof. 

Hose  sufficient  to  reach  to  all  parts  of  the  fire  section,  but  not  in  excess 
of  100  feet,  shall  be  attached  to  each  outlet;  hose  for  roof  outlet  may  be 
placed  on  rack  in  top  floor  near  the  scuttle  leading  to  the  roof.  Hose  shall 
be  1 5^  inches  in  diameter,  and  provided  with  nozzle  having  %-inch  dis- 
charge  outlet. 

Editor's  Note. — In  a  report  on  standpipes  made  by  a  committee 
of  the  National  Fire  Protection  Association  in  1914,  it  was  recom- 
mended that  no  hose  line  of  over  50  feet  be  allowed,  as  with  the 
longer  lines,  the  troubles  in  handling  was  much  greater  and  the 
hose  was  more  liable  to  kink.  Semi-automatic  hose  racks  were 
recommended;  several  of  these  are  approved  by  the  Underwriters 
Laboratories  and  are  reported  as  "  Suitable  for  use  in  connection 
with  inside  standpipe  systems  at  pressures  not  in  excess  of  150 
pounds  to  the  square  inch.  Designed  to  permit  one  man  to  accom- 
plish all  the  operations  necessary  in  putting  a  line  of  hose  into 
service." 

5.  Standpipes '  and  hose  shall  comply  with  the  requirements  of  Standpipes 
for  Fire  Department  Use  (page  533),  paragraphs  3,  4,  7  and  9,  except  that 
150  pounds  test  pressure  will  be  required. 

*A«  given  in  the  191 5  edition  of  Building  Code  reconunended  bv  the 
National    Board   of   Fire   Underwriters.  Digitized  by  VjOOQ IC 
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STANDPIPES   FOR   FIRE   DEPARTMENT   OR   FIRE 
BRIGADE  USE* 

1.  In  existing  buildings  not  already  provided  with  a  4-inch  or  larger 
standpipe,  and  in  buildings  hereafter  erected,   there  shall  be  provided: 

a.  For  buildings  in  excess  of  four  stories  or  55  feet  in  height,  and  not 
within  75  feet  of  exposing  buildings, '  a  standpipe  not  less  than  4  inches  in 
diameter ; 

^  b.  For  other   buildings   in   excess   of   four   stories   or   55    feet   in   height,   a 
standpipe  not  less  than  5  inches  in  diameter; 

c.  For  buildings  in  excess  of  six  stories  or  75  feet  in  height,  a  standpipe 
not    less    than    6    inches   in   diameter. 

2.  Standpipe^  shall  be  located  within  fireproof  stairway  inclosures:  Pro- 
vided that,  where  existing  buildings  do  not  have  such  inclosures,  the  stand- 
pipes  shall  be  as  near  stairway  as  possible,  or  shall  be  on  the  outside  of, 
embedded  within  or  immediately  inside  an  exterior  wall  and  within  i  foot 
of   a    fire   escape   or   fire   tower. 

3.  One  standpipe  shall  be  provided  for  each  separate  fire  section  exceeding 
2,500  square  feet  area,  with  at  least  one  standpipe  within  75  feet  of  every 
exterior    wall   in   the   building.  ~ 

4.  Where  more  than  «ne  standpipe  is  required  in  a  building  they  shall 
be  connected  at  their  bases  by  pipes  of  size  equal  to  that  of  largest 
standpipe,  so  that  water  from  any  source  will  supply  all  the  standpipes. 

5.  Standpipes  shall  extend  from  the  cellar  to  and  through  the  roof,  with 
a  2iy^-inch  hose  connection  and  gate  valve,  not  over  5  feet  above  floor  level, 
in  each  story,  including  cellar,  and  two  21^-inch  hose  connections,  with 
gate  valve  for  each,  in  the  roof;  roof  connections  to  have  a  controlling  gate 
valve  under  the  roof  and  arranged  to  be  operated  both  from  al.ove  and 
below  the  roof,  with  three-quarter-inch  drain  pipe  and  valve  to  prevent 
freezing.     Valves  to  be  of  a  type  giving  a  straight  2^-inch   water   way. 

Note. — Gate  valves  are  not  suitable  for  these  outlets,  as  it  is 
practically  impossible  to  keep  them  tight.  An  angle  globe  valve, 
similar  to  that  used  on  boiler  blow-offs,  is  recommended. 

6.  Where  :$tandpipes  are  located  inside  of  building,  hose  sufficient  to 
reach  to  all  parts  of  the  fire  section,  but  not  in  excess  of  100  feet,  shall 
be  attached  to  each  outlet,  with  hose  for  roof-hydrant  either  in  hose  house 
on  roof  or  on  rack  in  top  story  near  roof  scuttle.  Hose  shall  be  not  less 
than  2%  inches  in  diameter,  and  provided  with  standard  couplings  in  use 
by   the   local    fire    department. 

7.  Hose  to  be  approved  linen  in  50-foot  lengths,  made  under  ppecifica- 
tions  recommended  by  the  National  Board  of  Fire   Underwriters. 

8.  Each  line  of  hose  shall  be  provided  with  washers  at  both  ends,  and 
be  fitted  with  smooth-bore  brass  play  pipe  or  nozzle  at  least  12  inches  long, 
with  discharge  outlet  1%  inches  in  diameter.  One  spanner  to  be  located 
at   each   hose  connection. 

9.  Standpipes  shall  be  wrought  iron  or  steel,  galvanized;  valves,  fittings 
and  connections  shall  be  of  cast  steel,  brass  or  malleable  iron.  They  shall 
be  of  such  strength  as  to  safely  withstand  at  least  300  pounds^  water  pressure 
to  the  square  inch  when  ready  for  service,  without  leaking  at  joints,  valves 
or  fittings;   such  test  to  be  made  by  the  chief  of  the  fire  department. 

10.  Standpipes  shall  be  connected  by  a  pipe  of  diameter  equal  to  that  of 
the    largest   standpiiie    supplied,    to   a    Siamese   steamer   connection    outside   of 

*As  given  in  the  191 5  edition  of  Building  Code  reconMnemkd  by  the 
National    Board   of   Fire    Underwriters.  Digitized  by  ^  -' ^' ^*^" 
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the  building,  on  each  street  front,  except  that  corner  buildings  having 
one  street  frontage  of  less  than  50  feet  may  have  only  one  connection. 
Siamese  shall  be  about  one  foot  above  the  curb  level,  and  shall  be  provided 
with  check  valves,  and  substantial  caps  to  protect  thread  on  the  connection; 
the  thread  shall  be  uniform  with  that  used  by  the  local  fire  department.  A 
suitable  iron  plate  with  raised  letters  shall  be  provided,  reading :  "  To 
Standpipe." 

Just  inside  of  the  building,  in  a  horizontal  section,  shall  be  placed  a 
straightway  check  valve.  A  drip  pipe,  with  valve  to  same,  shall  be  placed 
between  said  check  valve  and  Siamese  connection  to  properly  drain  this 
section  to  prevent  freezing.  Similar  drip  pipes  shall  be  provided  for  all 
pockets   or   low   places   which   will   not   normally   drain.  ^ 

11.  Fire  pumps,  permanently  connected  to  the  standpipe  system,  shall  be 
provided  for  buildings  eight  stories  or  more  in  height  and  in  any  building 
in    excess   of    10,000    square    feet    area,    with   capacities    as    follows: 

One    5-inxfh   standpipe,   pump  capacity  not  less  than   500   gallons  a   minute; 

One  6-inch  standpipe  or  two  inter-connected  s-inch  standpipes,  pump 
capacity   not  less  than   750   gallons  a  minute; 

Two  6-inch  standpipes,  pump  capacity  not  less  than   1,000  gallons  a  minute. 

Pump  to  have  an  adequate  source  of  power  and  be  supplied  from  street 
main  or  from  well  or  cistern  containing  at  leasf  one  hour's  full  supply; 
suction    piping   to    be    well    installed. 

12.  In  every  building  exceeding  one  hundred  feel  in  height,  at  least 
one  passenger  elevator  shall  be  kept  in  readiness  for  immediate  use  by 
the  fire  department  during  all  hours  of  the  night  and  day,  including  holidays 
and    Sundays. 

Special  Standpipe  Fittings. — It  has  been  argued  that  in  the 
higher  buildings,  that  is,  buildings  of  a  height  too  great  for  water 
tower  streams,  a  means  should  be  provided  by  which  a  powerful 
stream  could  be  thrown  on  to  the  fire  on  any  floor  without  the 
firemen  going  inside  the  building  or  to  the  floor  on  which  the 
fire  exists.  Buildings  of  this  class  could  of  course  be  protected 
by  sprinkler  systems  but  a  fire  getting  beyond  the  control  of  the 
sprinklers,  as  sometimes  happens,  would  be  a  serious  matter  to 
fight  without  a  standpipe  to  aid.  A  standpipe  embodying  this 
feature  has  begn  patented  and  installed  in  several  buildings;  in 
general  design,  it  consists  of  a  4-  or  6-inch  standpipe  of  the  usual 
form,  but  so  hung  and  fastened  at  each  floor  that  raising  or  turning 
the  pipe  is  possible.  The  raising  is  accomplished  by  having  the 
bottom  of  the  standpipe  in  the  form  of  a  plunger,  which,  by  means 
of  the  water  pressure  available,  permits  the  standpipe  to  be  raised 
at  will.  Revolving  the  standpipe  is  accomplished  manually.  Small 
brass  pipes  extend  from  a  control  box  at  the  bottpm  of  the  stand- 
pipe  to  hydraulic  valves  on  each  floor  which  control  the  flow  through 
nozzles  attached  to  the  standpipe,  thus  permitting  any  story  to  be 
swept  at  will.  ' 
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AUTOMATIC  SPRINKLERS 

In  all  matters  of  fire  protection  it  is  recognized  that  if  an  ex- 
tinguishing agent  is  applied  in  the  incipient  stage  of  the  fire,  it 
will  tend  largely  towards  preventing  a  serious  fire;  this  is  par- 
ticularly true  where  a  hazardous  or  quick  burning  substance  is 
present. 

TTie  ^most  efficient  means  of  applying  the  extinguishing  agent 
during  the  early  stages  of  a  fire  is  the  automatic  sprinkler.  Be- 
cause of  cost,  such  systems  are  generally  designed  and  supplied 
on  the  basis  of  extinguishing  only  a  small  fire  and  never  one  requir- 
ing the  opening  of  more  than  the  sprinklers  in  one  fire  section  of 
any  story.  They  are,  however,  provided  with  steamer  connections, 
tnrough  which  the  fire  department  can  pump  water,  or  have  a  cgn- 
nection  to  a  fire  pump.  By  this  means,  much  larger  flows  can 
be  obtained,  thus  making  a  sprinkler  system  of  great  aid  to  the 
fire  department  in  fighting  a  fire  which  has  reached  large  pro- 
portions. It  has,  in  this  connection,  the  great  advantage  of  placing 
the  water  directly  on  the  fire,  a  condition  which  can  not  be  obtained 
in  a  smoke-filled  room  with  hand  lines.  For  this  reason  some  fire 
protectionists  recommetid  installing  sprinkler  piping  throughout  a 
city,  with  only  steamer  connections,  to  be  used  by  the  fire  depart- 
ment. In  many  cities,  the  requirement  is  made  by  ordinance  that 
cellars  and  basements  be  equipped  in  this  way. 

There  can  be  no  doubt  that  such  a  system  is  of  value,  but  it 
does  not  have  tha  full  automatic  feature,  as  no  water  supply  is 
available  until  the  fire  department  connects  into  it,  and  in  many 
cities  this  would  not  be  done.  To  be  of  full  value,  it  must  come 
into  service  with  good  force  in  the  very  earliest  stages  of  a  fire. 

PRIVATE   PIRE   CONNECTIONS   FROM    CITY    MAINS. 

There  has  been  much  discussion  of  this  subject  in  the  past  few 
years,  both  as  to  the  advisability  of  making  such  connections  and 
as  to  the  necessity  of  limiting  the  sizes  of  the  connections  or 
otherwise  restricting  them.  Some  have  thought  that  no  restric- 
tions should  he  placed  by  the  city  authorities  on  the  size  and 
number  of  cortnections ;  that  they  should  be  limited  only  by  the 
size  t>i  the  street  meiins  and  the  desires  of  the  building  owners, 
while  others  have  tone  so  far  in  the  other  direction  as  to  contest 
any  larg^e  connections  whatever.    It  is  evident  there  should  be  a 
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hap^y  medium,  connections  which  will  be  small  enough  for  safety 
and  yet  large  enough-  for  efficiency.  In  this  connection  a  glance 
at  the  experience  of  the  Associated  Mutual  Fire  Insurance  Com- 
panies will  be  of  value,  as  they  have  had  more  experience  with 
automatic  sprinklers  than  any  other '  organization.  These  com- 
panies are  purely  mutual,,  and  their  efforts  are  directed  tpward  the 
prevention  of  fires  and  the  development  of  appliances  designed  to 
reduce  the  fire  loss. 

In  the  '60s  and  early  '70s  the  automatic  sprinkler  had  not  been 
invented,  but  mill  buildings  were  quite  generally  equipped  with 
standpipes  and  perforated  pipe  sprinklers,  normally  empty,  with 
outside  gates  to  be  opened  in  case  of  fire.  In  tho^c  days  the  cost 
of  mutual  insurance,  which  is  the  actual  loss  plus  a  small  amount 
for  inspection  work,  etc.,  was  about  32  cents  per  $100  of  value 
insured.  In  the  decade  1900  to  1910,  with  nearly  all  mutual ,  mills 
sprinklered,  the  cost  was  6>^  cents  per  $100  of  value,  or  in  other 
rwords,  the  fire  loss  had  been  reduced  80  per  cent.  The  mutual 
companies  are  unanimous  in  ascribing  by  far  the  larger  part  of 
this  saving  to  the  automatic  sprinkler.  In  the  '9os,  there,  were 
still  some  doubts  as  to  the  efficiency  of  sprinklers, ,  so  a  table  was 
compiled  of  fires  in  mills,"  between  1877  and .  i387,  with  this  result : 
at  759  fires  in  sprinklered  buildings,  the  average  .loss  per  fire 
(including  the  water  damage  of  course)  was  $1,080,  or  oi;dy  one- 
seventh  as  great  as  in  the  unsprinklered  mills.  This  you  will  note 
was  in  large  buildings,  mainly  \yith  highly^  inflammable  stocks,  and 
is  a  most  remarkable  showing,  for  at  that  time  the  .automatic 
sprinkler  was  far  from  its  present,  perfected  state. 

Although  automatic  sprinklers  have  been  in  uge  now  for  .many 
years  and  have  proven  their  efficiency  and  value  over  and  over 
again,  yet  it  is  still  impossible  to  convince  the  av^.ra^e  business 
man  against  his  will  that  they  would  be,  desirable  or  profitable  in 
his  particular  case.  In  fact,  about  the  only  way  the  average  con- 
cern can  be  induced  to  install  them  is  by  the  reduction  of  insurance 
premiums  by  50  to  75  per  cent.  The  building  QirdinanctS  of  most 
cities  offer  no  encouragement  to  the  would-b^'  progressive  citizen, 
such  as  limiting .  areas  or  heights  of  buildiijtgs  except  where  im- 
proved construction  or  automatic  sprinklers;  are  used,  and  many- 
fire  departments  are  Ipath .  to  make,  use  of  t-he  evident  advantage 
offered  by  the  sprinkler  connections,  of  prpvriding  means  whereby 
water  may  be  thrown  directly  into  the  heart ,  of  ^  fire>  in  places 
and  under  c(^nditions  where  no  fireman  could  liv^e.  As  for  the  water- 
works officials,  their  ideas  may  be  often  sumnjied  up  as:  All  you 
care  to  pay  for  at  meter  rates,  and  what  is  left  over,  for  fires. 
Some  water  departments,  in  the  endeavor  to  mjakey|^ig[90t,  showing 
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in  the  ledgfer  accdjint;  chstrge  extortionafe  pribes  for  water  sup|>lies 
for  pffVal!«' fire  protection,  thus  nulUfjring  the  efforts  of  the  fire 
departinent  and  insurance  interests  to  secure  such  installations. 

In  order  to  determine  the  general  practice  of  waterworks  officials 
with  regard  to  firfe  service  connections  to  city  mains,  in  1912,  a 
N'itional  Boafd  fetigiileer  cdmmuhicated  with  '75  representative 
American  cities,  and  asked  a  series  of  qui^stions  covering  the 
subject,!  with* 'tlw  folloNving  ref^ults :  About  four-fifths  of  the  city 
works  and  one-thitd  to  one-half  of  th^- private  works  make  no 
charge  or  only  a'ufominal  charge  for  fire  connections;  the  rest 
dWarge  j<U'thie=way  frbrti'$22.'$o  to  $120  per  annum  for  various  6-inch 
connections,  the  C0nlpa(nie6  generally  charging  the  higher  figures. 
Soch-ratl&sas  $10^  and- $120,  which  two  western  cities  charge  for 
coiinecHon^  used  only  for 'fire  ^purposes,  together  with  the  expense 
of  installation,  interest,'  etc.,  will  go  far  tdWard  balancing  any 
saving  in  rates  thfe  drdinary-  property  owner  would  make  by  in- 
stallifrg  standpipes  'or  sprittkli^rs,  and  in  effect  act  to  penalize  him 
for  reducing  his  hazard  and  the  eixposiire  tO  his  neighbors.  Of 
course  the  taxpasrfer  'must  also  pay'  his  share  of  the  general  city  fire 
protectitJrf.  About  One-third  'do' not  limit  size'  of  connections; 
wher^  any  limit  is  plaefed  therfe  is' a  decid-^d  leaning  toward  six 
indies  as  a  maximum'.  As  to  measuring  devices  on  connections, 
ovei-  half  do  not  r^cjuire  meters,  one-third  require  detector  meters 
and  the  r^st  otH^r' type^.  This  corresponds  well  with  the  insurance 
requiretheiits,  that  either  no  meters  be  use'cl  or  some  form,  such  as 
a  detector,  \<rhich '  will  riot  retard  heavy  flows.  As  regard  gates 
and  check  valves,  there  is  great  diversity,  but  about  half  of  the 
cities  have  no  irulcs  or  only  require  a  gate  at ,  the  .  street  mairis;" 
the  rest  require  also  one  or  ; more  .check,s,  .especi^ly  if  there,  is 
aiipth.(|r  jsource  of  suppj[y  f roni  which  contaminated  w^ater  might 
work^.Jjaqk.  into  \he  street,  m^ii^s.  There,  are  numerous  ?ch^mes  tQ 
prevent  or  discover  Xh^it  o£  water;  inspjBction.  alone  appears  un- 
satisiactory»' but  in  conjunction  with .  sedled  outlets  seems  to  work 
all  /ight;' the  detector -type -of  meter  appears  satisfactory,  but 
is  expensive.  Several  cities  state  that  meters  wiU :  be  installed  if 
any  watdr  is  used'lllegatly.  'The  experience  of  the  majority  appears 
to^'bfc'that  illegal  tfse'of  water  may  be  prevented  with  a  fair  amount 
of  certainty.  Where  the  detectidr  meters  are  ot>3>t?ted  to  on  account 
of' expense;  the  prohibition  of  other  connections  from  fire  lines, 
sealing  of' test  ^tid  dtaw-off  valves,  hose  gates,  etc.,  and  regular 
and  cariltil  inspectiohs  have  been  found  effective;  the  property 
owner  "Would  not  object  to  a  charge  sufficient  to  pay  for  monthly 
inspections  or  tests.  '         *    ''  Digitized  by  C^OOglC 
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Tke,  usual  sources  o£  sup|4y.  to  automatic  spijipklere  are; 
J.  From, a  gravity  tank  above  the  highest  line  of  spriol^lers. 
Z.  From;^  pres2»ure  tank;  to  be  abov.^  the  highest  line  of  sprink- 
lers if  possible. 

3.  From  the  public  Y^ater  supply  by  direct  -connections. 

4.  From  the  public  .water  supply  through  the  fire  department. 
hose  and  Siamese  connections. 

5.  From  stationary  fire  pumps,  which  may  be  supplied  from,  a 
stream,  reservoir  or  cistern,  or  from  water  mains. 

For  a  standard  sprinkler  equipment,  two  .  sources  of  supply  are 
required.  At  least  one  of  these  should  be  automatic  and  one  should 
be  capable  of  furnishing  water  und^r  heavy  pressure. 

Tjhe  standard  rules  of  the  Nationa)  Board  of  Fire  Underwriters, 
as  recommended  by  the  National  Fire  Protection  AssociatiaRk  state 
that  the  pressure  cor>nections  should  be  capable  of  furnishing  ^ 
poinds  static  pressure,  at  all  hour?  of  the  day  at  the  highest  line 
of  sprinklers,  an<l  also  able  to  maintain  ip  pounds  pressure  on  the 
highest  spriniclers  with  the  water  flowing  through  the  number  of 
sprinkler  hea^s  liable  to  be  opened  by  fixe  at  one  time.  This  num- 
ber would  probably  be  all  the  sprinklers  on  one  fioor  dependent 
on  one  riser.  The  requirement  for  25  pounds  static  pressure  at 
all  hours  appears  high,  and  would  bar  out  mat^  cities  where  the 
public  supply  will  furnish  only  lo  or  15  pounds  at  the  top  of  a 
5-story  building.  This  would  mean  25  to  40  pounds  at  the  street 
level,  which  is  a  common  figure,  in  the  large  cities  and  in  parts 
of  almost  any  city.  Even  though  not  up  to  standard,  lo  or  15 
pounds  will  produce  very  effective  sprinkler  streams. 
.  The  Committee  on  Fire  Prevention  of  the  National  Board  of 
Fire  Underwriters  has  for  a  long  time  recommended  that  automatic 
sprinkler  equipments  be  required  in  buildings  which,  by  reason  of 
size,  construction  or  Occupancy,  either  singly  or  .combined,  might 
act  as  conflagration  breeders.  For  such  equipments  it  recommends 
direct  connections  from  the  street  mains  where  pressures  are  high 
enough  to  be  effective,  with  controlKng  valve  in  the  street. 

If  the  street  mains  are  large  enough  to  provide  ample  supply, 
even  at.  low  pressure,  this  is  no  doubt  the  most  reltahle  source,  next 
to  a  detached,  elevated  tank,  .  How  large  shall  the  connections  be 
and  how  arranged?  The  National  Fire  Protection  Association. 
which  is  the  best  authority  on  these  questions,  says  that  for  sprink- 
ler.  equipments  or  standpipes  in  closely  built  districts,  4-inch  con- 
nections should  be.  used  where  they  will  furni^  ample  water. 
Usually  this  can  be  arrai^ged  hy  dividing  the  system  into  2  or 
more  sections  or  taking  44nch  connections  from  weU  separated 
points  on  the   street  mains  or   from  different  nj^i;|s^^|i^(^eparate 
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streets,  as  where  a  building  is  on  the  street  corner  or  r^n^  .through 
the  block  to  another  street.  Wh^re  pressures  are  low  or,. the  street 
mains  small,  often  4-inch  connections  will  not  furnish  «pough 
water  and  6-inch  pipqs  must  be  used,  as  it  is  well-knoY^ii  that  the 
friction. ;loss  ini  4'^inch  pipe  is  about  seiif^  times  a^  great.. as  in 
6rinch  .pip^. 

The  original  theory  of  sprinklers  was  that  a  few  heads  wo^kJ. 
open  and  control  a  fire  at  the  starts  and  if  a  fire  should  gain  head- 
way, or  should  be  communicated  from  an  unsprinkkr^  building,^ 
the  J  sprinklers  probably  would  not  hold  it  But  it  was  found  by 
ex^^ri;enc^  that  liberal  supply  pipes  and  ample  water  lyould.  |>ermit 
the  sprinklers  to  do,, much  greater  work;  thus,  they  coujd  protect 
the. centers  of,  l^rge  buildings  or  the  upper  flpor&  of  high  buildings 
or. si^iilar^ areas,  which  would  be  out  of  the  range  pf  hose  streams. 

I,n,  many  cities  where,  jioisted;  buijdings  are  being  but  slowly 
replaced  by  improved  construction,  the  sprinkler  is  jthe  chief  naeans 
by  which  sweeping  fires  can  b^  preventjcd.  Even  in  high  fireproof 
buil(}ings,  where  contents  are  combustible,  sprinklers  are  the  only 
means  of  preventing  severe  losses;  they  could  have  prewent-^d  the 
te;[["f,ible  loss  of  life  at  various  factory  fi,r^?.  in,  reoent  years. 

But  thcire  is  .another  feature  to  be  considered.  During  a  large 
fiifi^,  pip^s  will  br^ak,  water  leak  put  and,  if  the  le^k  is  big  enough, 
tbe^^hole  public  system  will  be  so  Wed  as  to. make  hydrants  worth- 
less^,';.and  cripple  the  fire  dep^irtmetpt ;  such  was  the  case  in  the 
Ss^lem  conflagration.  So  that  we  must  find  ,^me  happy  medium, 
such ,  si?e  of  supply .  pipes  as  will  not  endanger  the  public  supply 
if  broken  an^  yet  will  be  large,  enough  to  furnish  ample,  watpr 
u^d^r  working  conditions.  Then  the  supply  must,  be  safeguarded 
sp  that  a  broken  line  can  be  shut  oflf  speedily  and  securely. 

Sprinkler,  experts  tell  us  that  in  large  instal lotions  thjB  cost  of 
two. 4-inch;  connections  and  risers  is  not  appreciably  greater  than 
for  one.j^-inch  (except  for  meters) <  and,  the  arrangement  presents 
decided  advantages,  ei^pecially  the  possibility  of  maintaining  partial 
,  pjTOtection  during  shutdowns  due  to  repairs  or.  alterations.  In  some 
cities  we  find  connections  to  sprinklers  as  large  as  8-  or  lo-inch. 
Tliis  is  now  regarded  as  bad  practice,  except  perhaps  for  isolated 
buildings,  from  ^vhich  fires  could  npt  spread  to  other  property  and 
where  broken  main^  could  bp  abut  off  at  the  strpet  comer  without 
robbing  the  fir^  engines  of  watier  for  the  protection  of  neighbors. 
For  it  is  evident  that  a  broken  6-inch  or  larger  connection  would 
cripple  the  fire  department  in  the,  immediate  vicinity  until  the 
controlling  gates  could  be  1  clpscd.  :  Theref o|-e,  it  is  recommended 
that  sprinkler  ,^pd  standpjpe  services  shall  have  an  outside  con- 
trolling valve  set  in  one, of  the§eiway§:  Digitized  by  GoOglC 
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•a.  At  the  curb,  "Vvith  an  indicator* "  post. 

b.  At  the  btiilding  line,  with  an  indicator  post  in  a  recess  in 
the  wall.  ♦ 

c.  In  a  valve  pit  in  the  street  or  at  th6  curb. 

d.  In  bad  cases,  the  connection  to  be  looped  back  and  the  gate 
set  at  the  opposite  curb  across  the  street,  or  opposite  an*  adjacent 
btftldirtg. 

There  have  been  various  fires  where  falling  walls  or  other  wreck- 
age, snow,  or  ice,  etc.,  have  prevented  the  shutting  off  of  the  large 
sprinkler  connections;  after  the  fire  got  beyond  control  of  the 
sprinklers  and  reduced  the  pressure  in  the  mains  so  that  direct 
hydrant  streams  were  valueless  and  the  engines  could  not  obtain 
sufficient  water.  All  the  fire  department  could  do  Was  to  save  the 
surrounding  property.  If  the  sprinkler  connections  had  been  at  the 
comef  of  the  building  or  a  little  beyond  the  front,  in  these  cases, 
it  Would  have  been  a  simple  matter  to' dose  the  gate.  '  Sometimes 
the  connection  can  be  gated  in  front  of  a  stair  tower  or  heavy 
division  wall,  where  there  is  les?^  chance  of  falling  walls  making 
it  inaccessible. 

The  fire  department  should  keep  track  of  these  connections  and 
be  sure  that  they  are  properly  marked  to  be  quickly  located  at  need. 
The  waterworks  men  are  frequently  not  available  at  such  times  and 
the  prompt  closihg  of  a  broken  connection  may  make  a  vast  differ- 
ence in  the  eventual  outcome  of  a  fire.  It  is  not  always  a  falling 
wall  that  makes  trouble;  many  things  may  cause  a  serious  break 
inside  a  building — a  floor  or  roof  falling,  or  heavy  machinery  or 
safes  dropping  and,  when  the  break  occurs,  then  the  sprinkler 
connection  becomes  a  detriment  instead  of  a  help  to  the  firemen. 
Care  should  be  taken  that  any  main  supplying  automatic  sprinkler 
systems  or  standpipes  shall  be  properly  gated  at  each  end  of  the 
block,  so  that  in  extreme  cases  it  will  be  feasible  to  cut  a  short 
section  out  of  servicfe  without  interfering  with  other  supplies.  In 
a  narrow  street  the  heat  of  a  fire  will  often  render  gate  valves 
inaccessible,  or  in  winter  the  snow  may  be  piled  up  so  they  can 
not  be  quickly  located. 

There  should  also  be  a  check  valve,  or  preferably  two,  irt  the 
connection .  between  thfe  indicator  gat^  and  the  riser,  so  that  water 
will  not  be  drainfed  from  the  tank  duritig  shutdowns  of  the  street 
mains,  etc.,  and  also  in  case  of  systems  having  stationary  pumps, 
so  that  water,  possibly  infected^ with  disease  germs,  may  not  be 
pumped  back  into  the  street  mains. 

A  recent  suggestion  for  safeguarding  fir^  connections  is  to  place 
an  electrically  operated  valve  in  a  concretie  vault  ih  the  street  or 
at  the  curb.     This  can'  be  controlled  from  any  distant v^j^Lfi,  as 
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each  end  of  the  block,  or  at  the  nearest  fire  alarm  box,  where  a 
small  locked  box  .with  controlling  switch  may  be  placed,  ,the  key  to 
be  in  possession  of  the  fire  chief. .  Then  if  for  any  reason  the  chief 
should  find  the  sprinkler  or  standpipe  connection  taking  too  much 
of  the  supply  for  his  engines,  he .  could  at  once  and  with  cert^nty 
shut  them  off.  Of  course,  this  apparatus  must  be  prpperly  installed 
and  regularly  tested ;  it  would  seem  specially  valuable  where  con- 
nections are  made  to  high  pressure .  systems  and  the  additional 
expense  would  not  be  a  deterrent  feature  compared  with  the  need 
of  certain  means  of  control.  As  a  substitute  for  the  electrically 
operated  valve,  there  is  the  hydraulically  operated  valve;  this  may 
b^  designed  to  use  the  water  pressur,e  in  the  pipe  for  closing,  or 
an,  arrangement  could  be  made  by  which  it  could  be  closed  by 
pumping  oil  or  water  through  a  small  pipe  from  a  tank  located  at 
some  distant  point. 

There  has  been  much  discussion  as  to  the  advisability,  of  allowing 
connections  from  high  pressure  systems  for  private  protection; 
either  to  yard  hydrants,  standpipes  or  sprinklers.  To[  the  yard 
hydrants  there  is  little  objection,  if  they  are  ma,dc  to  withstand 
the  high  pressures  and  aire  regularly  inspected  like  street  hydrants. 
The  sprinklers  and  staiidpipes  are  not  ordinarily  designed,  for  such 
high  pressure,  and  especially  the  severe  "  hammer  "  or  sl;iock  caused 
hy  sudden  increase  of  pressure.  One  can  imagine  what  might  happen 
to  an  automatic  sprinkler  system  if  suddenly  subjected  to  the  3Cp 
pounds  pressure  of  the  New  York  High  Pressure  System,  or  even 
to  200  pounds.  Recent  improvement  in  design  of  regulating  valves 
has  probably  overcome  much  of  this  danger,  however.  These  valves 
njay  be  attached .  at  the  gate  in  the  street  and  set  to  limit  the 
pressure  to  the  sprinklers  at  any  desired  figure;  they  are  claimed 
to  be  so  reliable  that  pressures  may  be  held  within ,  5 ,  ppunds  of 
the  predetermined  , figure,  no  matter  how  much  highei;  the .  pressure 
in  the  street  mains  may  rise.  But  there  is  the  danger  of  private 
connections  being  so  used  as  to  bleed  the  high  pressure  system 
and  render  it  ineffective  for  fire  department  use; .  Duri^  the*  great 
Dreamland  .fire  at  Coney  Island,  in  May,  ,19^1,  it  is  stated  that 
over  20  streams  were  used  by  adjacent  property  owners. who  had 
standpipe  connections,  to  wet  down  buildings  and  roofs.  As  the 
total  capacity  of  the  Coney  Island  High  Pressure  System  was  only 
4,500  gallans  per  minute,  and  one  of  the  pumps  broke  dow(n,  leaving 
only  3,000  gallons  per  minute  during  most  of  the  fire,  it  will  readily 
be  -seen  that  few  efficient  hydrant  streams  could  be  obtained  by  the 
fire  department.  On  the  whole,  it  seems  best  to  reserve  these  high 
pressure  systems  solely  for  fire  department  use  and  to  take  no 
phances  of  lost  pressure  in  an  emergency,  unless  it  shall  b<2  found 
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safe  to'  use  some  combination  of  electrically-controlled  gate  valves 
and  pre^^ure  reducing  valves,  as  explained  above.  Where  the 
systems  ahe  property  designed,  with  multiple  outlet  hydrants  clbSely 
spaced,  it  is  readily  feasible  to  run  short  lines  of  liose  from  the 
nearest  hydrant  to  the' Siamese  connections  of  *  th^  •  sprinklers  and 
standpipes,  thus  jgiving  ample  "sVater  for  sevei'e  fires.  Any  properly 
designed  spririkler  outfit  should"  hsve  sufficient  tank  capacity  to 
feed  the  system  until  the  firemen  ca^  attach  these  lines ;  espeeially 
in  these  days  of  motor  apparatus  atid  speedy  response. 

To  sum  up — the  experience  of  many  years  has  proven  con- 
clusively that  automatic  spriiiklers  are  of  immense  value  as  fire 
extmguishers  and  conflagration  stoppers,  therefore  all  should  unite 
in  urging  and  extending  their  use.  Td  secure  best  results,  a  large 
and  reliable  supply  of  water  is  needful;  this  in  most  cases  will 
mean  connections  to  the  city  water  mains.  These  connections 
should  be  larger  enough  to  furnish  the  required  supply,  but  not  so 
large  as  tb  hamper  the  fire  department  and  endanger  neighboring 
buildings  in  case  of  breaks. 

Both  theory  and  practice  indicate  that  tn  most  cases  one  or  more 
4-inch  connections  properly  arranged  are  Sufficient  for  well  designed 
stahdpipe  or  sprinkler  systems,  and  that  6-inch  connections  are  the 
largest  that  can  be  safely  permitted  in  a  built-up  district.  Every 
such  installation  is  of  value  both  in  controlling  fires  briginating 
in  the  protected  premises  and  in  preventing  the  spread  of  fires  in 
adjacent  buildings. 

The  waterworks  officials  should  encourage  such  installations  by 
refraining  from  prohibitive  rates  and  regulations  for  fire  connec- 
tions, and  the  fire  departments  should  keep  fully  informed  as  to 
the  location  of  gate  valves  and  Siamese  connections,  so  that  in  case' 
of  fire,  water  may  be  pumped  to  the  sprinklers  so  long  as  these 
work,  and  in  case  of  accident,'  gates  may  be  promptly  closed  to 
stop  leakage  of  water  and  loss  of  supply  for  the  engines. 

THE  INSTALLATION  OF  AUTOMATIC  AND  OPEN 
SPftlNKLER  EQUIPMENTS* 

The  rules  contained  herein  cover  the  general  details  of  a  sprinkler 
equipment  only.  Before  an  equipment  in  installed,  or  before  a 
present  equipment  is  remodelled,  complete  working  plans  should 
be  submitted  for  approval  to  the  Inspection  Department  having 
jurisdiction. 

These  plans  should  be  drawn  to  an  inclicated  scale ;  give  cbrrect 
address  and  points  of  compass;  show  sectional  elevations  of  the 
buildings;  and  the  essential  features  of  the  cbnstraction,  viz.,  siic, 

•Regulations  prescribed  by  the  National  Board  of  Fire  Underwriters.^ 
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location  gnd  direction  of  joists,  timbers  or  other  structural  mem- 
bers. They  should,  also  indicate  the  location  and  size  of  water 
supplies,  connecting,  pipes^  feed  mains  and  risers, ,  gate,  check,  alarjju 
and  dry-pipe  valves;  as  well  as  the  location,  spacing,  riumber  and 
type  of   sprinkler*. 

Inspection  Department  having  jurisdiction  and  the  lists  pub- 
lished by  the  Underwriters  Laboratories  should  be  consulted  as  to 
standard  makes  of  automatic  and  open  sprinklers,  gate,  check, 
alarm  and  dry-pipe  valves,  indicator  posts  and  hydrants. 

Section  A — General  Information 

1.  Preparation  of  Building. — Many  buildings  require  prepara- 
tion for  sprinkler  equipment.  All  needless  ceiling  sheathing,  hoUow 
siding,  tops  of  high  shelving,  needless  partitions  or  decks  should 
be  removed.  Necessary  "stops"  to  check  draft,  necessary  new 
partitions,  closets,  decks,  etc.,  should  be  put  in. place,  or  provided 
foo  so  that  the  equipment  may  conform  to  same.  The  top  flooring 
should  be  made  thoroughly  ti^ht.  Paper  or  similar  light  inflam- 
mable ceiling  sheathing  is  objectionable  and  unnecessary.  (See 
Section  B,  Rule  13.) 

2.  Accessory  Construction. — Sprinkler  equipments  r.^quire  acces- 
sory  construction,  dry  pipe  valve  closets,  ladders,  anti-freezing 
boxing  for  tank  pipes,  etc.  This  work  should  be  promptly  attended 
to  if  not  let  with  sprinkler  contract. 

3.  Vertical  or  Horizontal  Drafts — Floor  or  wall  openings  tend- 
ing to  create  vertical  or  horizontal  drafts,  or  other  structural  de- 
fects that  would  prevent  the  prompt  operation  of  automatic  sprink- 
lers by  preventing  the  banking  up  of  the  heated  air  from  the  fire, 
should  be  properly  "  stopped  "  in  order  to  permit  specific  control  by 
the  local  sprinklers. 

Satisfactory  curtain-boards  and  other  draft-stops  must  be  pro- 
vided to  overcome  such  structural  defects. 

Except  in  special  cases  the  main  feeders  to  sprinklers  are  only 
of  suificient  size  to  supply  the  sprinklers  on  one  floor,  consequently 
it  is  abfiokitely  essential  that  these  requirements  for  protection  of 
vertical  shafts  should  be  carried  out  in  every  detail,  and  wher<6 
extraordinafy  conditions  exist  and  there  is  likelihood  of  fire  pass- 
ing through  tmprctected  openings,  pipe  sizes  should  be  increased 
accordingly. 

4.  Clear  Space  Below  Sprinklers. — Full  effective  action  of  sprink- 
lers I'equires  about  24  inches  wholly  clear  space  below  the  sprink- 
lers, so  they  may  form  an  unbroken  spray  blanket  from  sprinkler 
to  sprinkler  and  sides,  of  room.  Any  stock  piles,  racks  or  other 
obstructions  interfering  with  such  action  are  not  permissible. 
Sprinkler  piping  should  not  be  used  for  the  support  of  stock,  cloth- 
ing, etc. 

5.  Experienced  Workmen  Recommended. — Sprinkler  installa- 
tion is  a  trade  in  itself.  Inspectors  cannot  be  expected  to  act  as 
working  superintendents,  or  correct  errors  of  beginners.  Sprinkler 
work  should  be  entrusted  to  none  but  fully  experienced  ^^and^ re- 
sponsible parties.  oigirzed  by  wodgre 
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Care  must  be  takpn  that  after  pipes  are  x^v^ti  tl^^jr  ^re  properly 
reamed  in  order  to  remove  all  burrs  and  fins;  ^Isq  tpat  tl^reads  are 
cut  to  standard  so  that  joints  will  be  properly  ma'de  without  obstruct- 
ing waterway.  In  applying  the  joint  comppfund,  cafe  should  be 
taken  to  place  it  on  the  pipe  and  not  tlie. fitting.-  ;  f;  • 

All  distributing  pipes  must  be  straightened  befoVe  tdiastallation, 
ip  order  to  prevent  pockets  between  hangers  which  would. interfere 
with  the.  proper  drainage  of  the  system.  .     .    ,    .  ,     , 

6.  Ail  Portions  of  Buildings  to  be  Protected^ — Experience 
teaches  that  sprinklers  are  often  necessary  where  seeriiingly  least 
needed.  Thfcit  protection  is  re^tjii^d  not  alone  fwhefe  a  fire  may 
begin,  but  also  wherever  any  fire  might  extend,  including  wet  or 
damp  locations. 

7.  Degree  of  Protection. — A  maximum  protection  cannot  be  ex- 
pected whete  sprinklers  are  at  more  bi*' less  perrtlan^trt  disadvan- 
tage, as  in  the  case  of  stocks  very  suscieptiWte  to  smoke  and  water 
damage,  buildings  having  deep  piles  of  hollow  goods;  excessive 
draughts,  explosion  or  flash  fire '  hazards,  or  large  aAtounts  of 
benzine  or  similar^ fluid.  .  ,     '  ,' 

S.  Necessity  Cut-off s.-^Spriiikler?  cannot  be  expec|:ed  .'tp  keep 
out  fire  originating  in  unspririklercd'  territory. .  Stringent  measures 
should  be  used  t6  properly  cut  off  all  unspfiilklcred  portions  of 
buildings  or  exposures. 

9,  Commtkitiicatibtis. — When  a.  buildihg' ^'ft^y*  etjiiipped  with 
sprinklers  communicates  with  another  not  so  ecjuipped,  the  openings 
must  be  protected  by  standard 'fire  doors  on  both  sides  of  the  walls, 
one  of  which  must  be  automatic.'  '  '  ' 

10:  Protection  Against  Exposures. — The*  dinger  bf'  sprinkler 
protection  being  impaired  by  exposure,  fire'^  shbliT^  be  reduced  by 
providing  at  exposed  opcirtihgs  one  or '  rqore."  c<f  the  following: 
Shutters,  willed  glass  or  open  sprinkler  pfoteiftiori .' '         '  '    . 

Secjtion  B — ^Location  qI.  .Autojpn^tiQ  Sprinklers, 

11.  Position  of  Sprinkler. — Shall  be  locatied  in  an  upright  posi- 
tion. 

When  construction  or  occupancy  of  a  f^orii  or  enclosurfc  makes  \i  preferable, 
permission  may  be  given,  except  on  dry-pipe  syistehis,  to  locate  dpk^inklers  in  a 
pendant   position.  ' ,     .         .  t »  . 

12.  Position  of  Dcftectors.--rSiprinkler  deflectors  shall  bei  parallel 
to  ceilings,  roofs  or  the  incline  of  stairs,  but  when  .installed  in  the 
peak  of  a  pitched  roof  they  shall  be  horizontal.  Distance  of  deflec- 
tors from  ceilings  of  mill  or  othQr,(StnoQth  construction)  pr .  >>ottom 
of  joists  of  open  joist  construction*,  shall  h?  not  less  tWii  3  inches 
nor  jnorc  than  10  inches;  6  to.  8  inches,  is  the  best  distance  with 
average  pressure  and  present  types  of  sprinklej:s.  Note  particularly 
that  the  rule  for  distance  refers  to  the  deflector,  of  the  sprinkler. 

In  the  case  of  fireproof  buildings,  the  .distance  -between  deflectors 
and  ceilings  may  be  increased  where  conditions  '  warrant ;.  i.  .e., 
under  panel  ceilings.  In  scmi-milj.  or  other  ynusual  construction, 
consult  the  Inspection  Department  having' jurisaiction,     "^"  *  •  • 

13.  Detailed  Locations.— Sprinklers  shall  .be  placed  throughout 
premises,  including  basement  and.  lofts,  updej  sjtairs,  itiside.elevajtor 
wells,  in  belt,  cable,  pipe,  gear  and  pulley  bo3eeS(i  b}4^dKMm«ll  en- 
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closures,  such  as  drying  and  heating  boxes,  tenter  and  dry-room 
enclosures,  chutes,  conveyor  trunks  and  all  cupboards  and  closets 
unless  they  have  tops  entirely  open,  and  are  so  located  that  sprink- 
lers can  properly  spray  therein.  Sprinklers  are  not  to  be  omitted 
in  any  room  merely  because  it  is  damp,  wet  or  of  fireproof  con- 
struction. 

Special  instructions  should  be  obtained  from  Inspection  Depart- 
ment having  jurisdiction  relative  to  placing  sprinklers  inside  show 
windows,  telephone  booths,  boxed  machines,  metal  air  ducts,  ven- 
tilators end  concealed  spaces,  and  under  large  shelves,  benches, 
tables,  overhead  storage  racks,  platforms  and  similar  water-sheds, 
and  over  electrical  generating  and  transforming  apparatus  and 
switchboards. 

14.  Protection   o£  Vertical    Shafts. — Ip   vertical    shafts   having 
inflammable,  sides,  a  sprinkler  shall  be  provided  within  shaft  for  i 
each  300  square  feet  of  the  inflammable  surface,  in  addition  to 
sprinklers  at  tops  of  shafts.     Such  sprinklers  should  be  installed 
at  each  floor  when  practicable,  and  always  when  shaft  is  trapped. 

Where  practicable,  sprinklers  should  be  "  staggered  "  at  the  alter- 
nate floor,  levels,  particularly  when  only  one  sprinkler  is  installed 
at  each  floor  level. 

Section  C— Spacing  of  Automatic  Sprinklers 

15.  Distance  from  Walls. — The  distance  from  wall  or  partition 
to  first  sprinkler  shall  not  exceed  one  half  the  allowable  distance 
between  sprinklers  in  the  same  direction.  Additional  sprinklers 
may  also  be  required  in  the  narrow  pockets  formed  by  bay  timbers 

.or  beams   and  wall. 

16.  Partitions. — A  line  of  sprinklers  should  be  run  on  each  side 
of  partition.  Cutting  holes  through  a  partition  to  allow  sprinklers 
on  one  side  thereof  to  distribute  water  to.  the  ot^er  side  is  not 
effectual.    This,  rule  applies  to  both  solid  and  slatted  partitions. 

Editor's    Note:     See    Appendix    for    Amendment    adopted    in    19161 

17.  Mill  Construction. — Under  mill  ceiling  (smooth  solid  plank 
and  timber  construction,  5  to  12  foot  bays)  one  line  of  sprinklers 
should  be  placed  in  center  of  each  bay  and  distance  between  the 
sprinklers  on  each  line  should  not  exceed  the  following: 

8  feet  in    12   foot  bays. 

9  feet   in    II    foot   bays. 

10  feet  in    10   foot  bays. 

11  feet   in     9   foot   bays. 

12  feet  in     5  to  8  foot  bays 

Measurements  should  be  taken  from  center  to  center  of  timbers. 

Ceilings  of  modified  mill  construction  having  bays  less  than 
three  feet  should  be  treated  as  open  joist  construction  and  sprinkler 
heads  spaced  accordingly. 

Bay  timbers  spaced  three  feet  or  more  on  centers,  but  less  than 
five  feet  on  centers,  will  require  special  ruling  by  the  Inspection 
Department  having  jurisdiction. 

18.  Joistcd  Construction. — Under  open  finish  joisted  construc- 
tion, ceilings,  floors,  decks  and  roofs,  the  lines  shall  be  run  at  right 
angles  to  the  joists  and  the  sprinklers  "  staggered  spaced,"  so  that 
heads  will  be  opposite  a  pomt  half  way  between  sprinklers  on 
adjacent  lines,  and  the  distance  between  sprinklers  not  exceeding 
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8  feet  at  right  angles  to  the  joists  or  lo  feet  parallel  with  joists; 
the  end  heads  on  alternate  lines  being  not  more  than  2  feet  from 
wall  or  partition. 
Also  see  Rule  15. 

Kxception. — An  exception  may  be  made  to  this  rule  if  the  conditions  war- 
rant, viz.,  special  permission  may  be  given  to  install  but  one  line  of  sprinklers 
in  bays  10  to  ii^^  feet  wide  from  center  to  center  of  the  timbers  which  sup- 
port; the  joists.      In  all  cases   where  such   bays  are   over    11%    feet  wide,   two 
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Reproduced  by  permission  Nat'l  Bd.  of  Fire  Und's. 
Fig.  80 


or  more  lines  of  sprinklers  should  be  installed  in  each  bay  as  required  by 
the  rules  for  spacing.  This  does  not  ai)ply  where  beams  are  flush  with  the 
joists,  in  which  case  sprinklers  may  l)e  spaced  as  called  for  in  Rule  18.  Where 
permission  is  given,  the  sprinklers  should  be  placed  closer  together  on  a  line 
so  that  in  no  case  will  the  area  covered  by  a  single  sprinklqr  exce£jd|8o  square 
feet.     Also   see   Rule   22.  Digitized  byA -^t^*^" '^ 
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19.  Smooth    Finish,    Sheathed   or   Plastered   Ceilings.— Under 

smooth  finish,  sheathed  or  plastered  ceilings,  in  bays  6  to  12  feet 
wide  (measurement  to  be  taken  from  center  to  center  of  timber, 
g^irder  or  other  projection  or  stipport,  forming  the  bay),  one  line 
of  sprinklers  shall  be  placed  in  center  of  each  bay,  and  distance 
between  the  sprinklers  on  each  line  should  not  exceed  the  follow- 
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ing:  8  feet  in  12  foot  bays;  9  feet  in  11  foot  bays;  10  feet  in  6 
to  10  foot  bays.  Bays  in  excess  of  12  feet  in  width  and  less  than 
23  feet  in  width  should  contain  at  least  two  lines  of  sprinklers; 
bays  23  feet  in  width  or  over  should  have  the  lines  therein  not  over 
10  feet  apart.  In  bays  in  excess  of  12  feet  in  width  not  more  than 
100  square  feet  ceiling  area  should  be  allotted  any  one  sprinkler. 
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20.  Pitch^  RoofB.~Undel-  a  pitched  roof  sloping  more  steeply 
than  I  foot  in  3,  sprinklers  shall  be  located  in  peak  of  roof,  and 
thosfe  on  either  side  of ;  peak  spaced  according  to  above  require- 
ments    Distance  between  sprinklers  should  be  measured  on  a  line 
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parallel  with  roof.  Where  the  roof  meets  the  floor  line,  sprinklers 
should  be  placed  not  over  3^  feet  from  where  roof  timbers  meet 
floor. 

Sprinklers  not  more  than  2>4  feet  distant  each  way  from  the  peak 
of  roof,  measured  on  a  line  with  the  roof,  may  be  used  in  lieu  of 
sprinklers  located  in  peak  of  roof  ad  above.    Also  see  Rule  22. 

In  sawtooth  roof,  the  end  sprinklers  on  the  branch  line  shall 
be  tiot  over  25^  feet  from  thd  peak  of  the  sawtooth. '^8 
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21.  Fireproof  Cohstniction; — The  rules  for  slow-buming  con- 
struction should  apply  as  far  as  practicable.  The  rule  may  be 
modified,  however,  the  intent  being  to  arrange  the  spacing  of 
sprinklers  to  protect  the  contents  rather  than  the  ceilings;  but  in 
no  case  shall  the  distance  of  a  sprinkler  on  a  line  exceed  12  feet 
to  a  sprinkler  on  an  adjoining  line.  , 
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22.  Unusual  Construction. — Special  instructions  should  be  ob- 
tained from  Inspection  Department  having  jurisdiction  relative  to 
location  of  sprinklers  under  floors  and  roofs  of  semi-mill,  panel 
or  other  unusual  cbn^truction  which  may  interfere  with  distribution 
of  water,  and  for  which  provision  is  riot  hereinbefore  made. 
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These  types  of  construction  are  so  varied  that  no  absolute  rules 
can  be  given  to  cover  all  cases. 

"Semi-mill"  is  the  term  here  applied  to  plank  and  timber  con- 
struction with  narrow  bays  generally  less  than  5  feet  in  width. 

"  Panel "  construction  is  where  .  the  ceiling  is  divided  by  the 
timbers  into  panels  or  pockets.  Narrow  bay  panels  come  under 
the  head  of  "  semi-mill "  construction,  and  may  usually  be  protected 
in  the  same  way. 

Sprinkler  lines  should  usually  run  at  right  angles  to  the  timbers, 
with  heads  staggered  under  alternate  timbers,  in  alternate  bays, 
or  alternately  under  the  timbers  and  in  the  bays,  the  arrangement 
depending  on  the  width  of  the  bay,  the  size  of  the  timbers  and  the 
distance  between  supporting  girders,  as  well  as  upon  the  occupancy 
and  water  pressure. 

Ordinarily,  where  the  timbers  are  not  larget  than  6x10  inches, 
the  best  distribution  is  obtained  by  placing  the  heads  under  the 
timbers. 

The  distance  between  lines  will  depend  somewhat  upon  the  dis- 
tance between  the  girders  suppoiting  the  timbers,  the  number  of 
lines  in  these  transverse  bays  being  governed  largely  by  the  distance 
between  the  heads  on  the  lines. 

Section  D — Pipe  Sizes 

23.  General  Schedule. — In  no  case  should  the  number  of  sprink- 
lers on  a  given  size  pipe  on  one  Jloor  of  one  fire  section  exceed 
the  following:  ■      ; 

Size  •  of  Maximum  No.  of 

Pipe.  Sprinklers  Altowed. 

%-inch    .' I  sprinkler 

1  "      '. .  •■ 2  sprinklers 

iy4  "    , 3 

1V2     "     , : ,...       5         7 

2 10 

2%  "  • 20 

3  "  ,...- 36 

3%  •  55 

4  " i  80 

5  ** 140 

6  ■ 200 

Where  practicable,  it  is  desirable  to  arrange  the  piping  so  that  the  number 
of  sprinklers  on  a  'branch  line   will  not  exceed  eight. 

Where  feed  mains  supply  branch  lines  of  only  two  sprinklers 
each,  the  conditions  approach  those  of  long  single  lines.  Such 
feeds  should  usiially  be  centrally  supplieil  where  there  are  over 
eight  or  ten  branch  lines.  Lines  up  to  fourteen  in  number  may  be 
fed  from  end,  provided  2 J/^ -inch  pipe  supplies  not  more  than  sixteen 
sprinklers. 

Buildings  having  slatted  floors,  or  large  unprotected  floor  openings 
without  approved  stops,  should  be  treated  as  one  room  with  refer- 
ence to  the  pipe  sizes,  and  the  feed  main  should  be  of  sufficient 
size  to  accommodate  the  number  of  sprinklers  called  for.  Larger 
pipe  sizes  than  called  for  in  the  schedule  may  be  required  wherever 
the  construction  or  conditions  introduce  unusually  long  runs  of  pipe 
or  many  angles.  Buildings  with  blind  attics  with  small  unprotected 
openings  to  floor  below,  may  be  piped  from  the  system  on  the 
ceiling  of  floor  below,  provided  pipe  size  schedule  is.  not  overloaded 
on  sizes  3  inches  or  under.  Digitized  by  VjOOglC 
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Section  £ — Feed  Mains  and  Risers 

24.  Location,  of  Risers. — "Center  central"  or  " side  cientrar* 
feed  to  sprinklers  is  recommended.  The  former  is  preferred,  espe- 
cially where  there  are  over  six  sprinklers  on  a  branch  line.  In 
high  buildings,  allowance  must  be  made  for  frictional  loss  and 
sizes  of  risers  increased  accordingly.  Risers  should  not  be  located 
close  to  windows,  and  should  be  properly  protected  from  mechanical 
injury  or  a  possil)le  freezing. 

25.  Supporting  of  Risers. — Risers  should  be  properly  supported. 
In  buildings  of  heavy  construction  and  where  riser  is  not  supported 
at  the  ground  level, .  floor  plates  or  clamps  and  pipe  couplings 
should  be  provided  at  the  first  (groufid)  floor  level,  and  also  at 
every  fourth  floOr  above  same,  where  a  building  is  over  five  stories 
in  height,  except  that  in  buildings  nine  to  ten  stories  high  no  floor 
plate .  nor  coupling  would  be  needed  above  the  fifth  floor. 

This  would  call  for  such  supports  at  the  first  (ground)  and  fifth  ' 
floors  in  a  building  seven  to  ten  stories  high,  and  floor  plates  and 
couplings  at  the  first  (ground),  fifth  and  ninth  fl^oors  in  buildings 
eleven  to  fourteen  stories  high,  etc.    In  buildings  of  light  construc- 
tion, additional  supports  will  be  needed. 

Where  risers  are  supported  at  the  ground  level,  provide  such . 
supports  at  every   fourth   floor  above  same.     (See  Appendix   for 
modification  made  in  1916.)  > 

Where  s|irinkler  risers,  or  those  from  tanks,  are  in  vertical  shafts, 
they  should  be   supported   equivalent  to  the   alx>ve. 

Where  risers,  drains,  heating  pipes,  etc.,  pass  through  cinder  con- 
crete, a  sleeve  or  other  suitable  means  should^  be  provided  to  prevent 
corrosion.  Neat  cement  or  seven  per  cent  lime  mortar  around  the 
pipe  will  protect  same. 

26.  Size  of  Risers. — There  should  be  one  or  more  separate  risers 
in  each  building  and  in  each  section  of  the  building  divided  by  fire 
walls.  Each  riser  should  be  of  sufficient  size  to  supply  all  the 
sprinklers  on  said  riser  on  any  one  floor,  as  determiuied  by  the 
standard  schedule  of  pipe  sizes.  If  the  conditions  warrant,  special 
permission  will  be  granted  allowing  the  sprinklers  in  a  fire  section 
of  small  area  (total  number  of  sprinklers  not  to  exceed  48  per 
floor)  to  be  fed  from  the  riser  in  another  section. 

Stair  or  other  towers  without  approved  stops  between  floors, 
if  piped  on  independent  riser,  should  be  treated  as  one  room  with 
reference  to  pipe  sizes,  i.  e.,  feed  main  should  be  of  sufficient  size 
to  accommodate  the  total  number  of  sprinklers. 

27.  Connections  to  Systems. — All  main  water  supplies  should 
connect  with  sprinkler  system  at  foot  of  riser. 

Exception. — Where  a  gravity  or  pressure  tank  or  bath,  constitute  the  only 
automatic  source  of  water  supply,  special  permission  may  be  given  to  connect 
the  tank  or  tanks  with  the  sprinkler  system  at  the  toj)  of  the  riser,  provided 
lower  level  control  to  several  fire  sections  is  not  required. 

The  connection  between  the  wrought  iron  or  steel  and  cast  iron 
pipe  from  underground  main  should  preferably  be  flange  and  spigot 
pipe  properly  strapped  together.  ..... 

Where  bell  and  spigot  pipe  is  used,  the  wrought  iron  or  steel  and 
cast  iron  pipes  should  be  properly  strapped  together.  A  flangejc} 
connection  should  be  used  on  the  wrought  iron  or  steel  pipe  and 
not  simply  clamps  with  set-screws.  For  Srinch  pipes  and  small^r^ 
the  rod  to  be  ^  inch,  for  larger  pipe,  ^  inch.    Straps  or  rods,^if 
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to  be  buried,  should  be  protected  against  corrosion  by  painting  with 
tar,  asphaltum,  or  by  other  suitable  means.  Where  practicable, 
connections  should  run  underground  to  the  foot  of  the  riser;  but 
in  any  event,  the  cast-iron  pipe  should  extend  above  ground,  and 
no  cinders  or  other  corrosive  material  should  be  placed  against 
either  pipe.     See  Rule  28. 


Reproduced  by  penni»don  Nat'l  Bd.  of  Fire  Und*s. 
Fig.  84 

28.  Protection  Against  Frost. — (See  Figure  84.)  Where  sup- 
ply pipes  or  risers  in  low  basements  or  low  spaces  under  ground 
floors  are  exposed  to  frost,  they  should  be  properly  protected.  An 
acceptable  method,  especially  where  the  space  is  over  18  inches  high, 
i^  by  an  enclosure  properly  heated  or  filled  with  heavy  earth  or 
other  suitable  material,  such  as  ftiineral  wool  or  sawdust.    Enclosure 
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should  extend  below  bottom  of  pipe  and  through  the^  top  flooring 
o£  ground  floor.  In  severe  climates,  where  space  is  filled,*  i  the 
enclosure  should  be  of  sufficient  size  to  permit  of  a  ftllirigi'of  not 
less  than  four  (4)  feet,  all  sides  around  the  pipe.  Enclosure  should 
preferably  be  of  brick,  t3ut  may  be  of  wood,  and  if  the  latter,  should 
be  at  least  double  with  tar  paper  between.  Where  the  space  is  not 
more  than  18  inches  high,  the  flooring  of  ground  floof" may  be 
cut  away  and  the  space  around  the  pipe  enclosed  accprding  to  either 
of  the  above  methods,  but  the  area  may  be  reduced  so  there  will 
be  not  less  than  one  (i)  foot  clear  space  all  sides  arqund  the  pipe, 
thus  exposing  pipe  to  the  heated  room  above.  Opening  at  floor 
level  should  not  be  covered  except  by  a  metal  grid. 

In  any  case  where  wood  is  used,  it  should  be  of  a  l^ind  that  ,will 
endure  underground,  and  in  addition,  should  be  treated  \yi'th  creosote 
or  other  acceptable  preservative.  , 

Care  should  be  tsJcen  in  laying  the  underground  (jbnnection,  tp 
extend  it  sufficiently  far  into  the  building  to'  give  the,  required 
spaces  called'  for  above,  the  pipe  to  be  offset  if  desired,  at  or  above 
the   floor  level.  .  .    ? 

The  laying  of  connections  in  raqeways  exposed  to  frosft  shb'ufcj 
be  avoided,  owing  to  the  difficulty  of  protecting  the  pipe  near 'the 
surface  and  in  the  space  bietween  the  surface  of  the  wat^r  and  the 
floor  of  the  building.  Such  connections,  if  they  caniiot  bi;  avoided, 
should  go  through  the  wall  of  the  race  below' the  frd^t'  line,  and 
enter  the  building  through  the  solid  ground,  and  far  feht^'tigh'  b^ek 
from  the  side  of  the  race  to  avoid  f rost.> 

Section  F — Valves  and  Fittings  .      ' 

29.  Types  of  Valves  to  be  Used. — All  valves  on  connections  to 
water  supplies  and  in  supply  pipes  to  sprinklers  should  be  standard  ' 
outside  screw  and  yoke  or  other  standard  indicator  patter^n. 

Underground  gate  valves  of  standard  pattern  equipped  with  stand- 
ard indicator  poists  fulfill  this  rvjlie,.  •  .1  .  1 

Drip  and/dr  test  pipes  should  t>e  of  a  standard  type. 

Check  valves  should  be  of  a  standard  straight-way  paitern,"  and 
installed  in  horizontal  pipe,  unless  suitably  designed  foi*  vertical 
position.  . 

30.  Valves  in  Connection  to  Water  Supply. — The  pipe  cbn- 
nccting  each  source  of  water  supply  with  the  sprinkler  system  shall 
be  provided  with  a^gate  and  a  check  valve.  The  gate  valve  should 
be  located  close  to  the  supply,  as  at  the  tank,  or  hear  base  oi  ta'^k 
trestle,  pump,  or  in  the  pipe  connecting  the  riser  with  the  water- 
works system,  and  the.  check  valve  should  be  located  as  far  as 
possible   from   source  of   supply,   preferably  undergroufid. 

Check  valves  on  J)ublic  water  connections  and.  large  tanks  of 
reservoirs  should  have  a  gate  valve  ion  each  side  so  that  check 
may  be  repaired  without  shutting  off  the  water  supplies. 

Note.— -The  underground  waterworks  valve  on  the .  waterworks  connection 
may  be  considered  satisfactory  for  one  of  these  valves.  - 

For  tanks  on  trestles  a  post  indicator  valve  at  foot  of  trestle  is  'reCom- 
ni6ndcd.  Where  near  %ank,  should  be  made  readily  accessible  by  (yemianent 
ladder  and  platform.  ,, 

31.  Check  br  Gate  Valve  on  Pump  or  Tank  Discharge.-^When 
a  pump,  not  located  in  a  non-combustible  pump  house,  or  exposed 
to  danger  ?f rom  fire  or  falling  walls,  or  a  tank  discharges  into  .a 
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yard  itiam  fed'  by  another  supply,  a  check  valve  or  post  gate  valve 
should  be  placed  in  this  discharge  pipe  at  a  safe  distance  outside 
the  building,  underground. 

Chie'ck  valves  on  tank  connections  may  be  placed  inside  buildings,  when 
located  underground  and  at  a  safe  distance  from  the  tank  riser. 

32.  Vaives;  in  Supply  Pipes  to  Sprinklers. — Each  system  shall 
be  provided  with  a  gate  valve  so  located  as  to  control  all  sources 
of  water  supply  except  that  from  steamer  connections.  All  gate 
valves  controlling  water  supplies  for  sprinklers  should  be  located 
where  readily  accessible. 

Inspection  Department  having  jurisdiction  should  be  consulted 
regarding  floor  equipment  valves. 

Where  yalves  are  not  within  easy  access  frorn  ground  or  floor 
level,  permanent  ladders,  clamped  treads  on  risers,  chains  and 
wheels,  or  other  means  satisfactory  to  the  Inspection  Department 
haying  jurisdiction,  should  be  provided. 

33.  Indicator  Posts  for  Gate  Valves. — ^Where  sprinklers  are 
supplied  from  yard  main,  place,  if  possible,  a  standard  outside  post 
indicator  gate  valve  in  connecting  pipe  at  safe  distance  from 
building. 

Post  indicator  valves  should,  if  possible,  be  located  not  less  than 
40  feet  from  buildings;  but  where  necessary  to  place  a  valve  close 
to  a  building,  it  should  be  located  between  windows  or  at  a  blank 
part  of  wall. 

34.  Pit  for  Underground  Check  Valves. — Where  not  in  pits, 
the  location  should  be  properly  marked  by  some  permanent  mark- 
ing. Where  in  pits,  the  pit  shouM  conform  to  the.  National  Fire 
Protection  Association  standard,  and  should  be  of  ample  size  to 
permit  of  easy  access  to  the  valve  for  examination  and  repairs. 

35.  Straps.— ^All  gate  valves  in  supply  pipes  to  automatic  sprink- 
lers, whether  or  not  of  indicator  or  post  pattern,  should  be  kept 
secured  open  with  padlocked  or  riveted  leather  straps.  An  excep- 
tion to  this  rule  may  be  mad^  only  where  a  reliable  system  is 
maintained  for  permanently  sealing  all  valves  and  for  immediate 
notification  of  broken  seals. 

No  sealing  or  strapping  is  required  where  sprinkler  system  has  a 
supervisory  system  to  the  approval  of  the  Inspection  Department 
having  jurisdiction. 

36.  Fittings. — Extra  heavy  fittings  should  be  employed  where 
the  normal  pressure  in  the  pipe  system  exceeds  one  hundred  and 
fifty  pounds. 

All  fittings  and  pipes  shall  have  threads  cut  to  standard,  and  care 
should  be  taken  that  the  pipe  does  not  extend  into  fitting  sufficiently 
to  reduce  the  waterway.  ^ 

Long  turn  fittings  will  be  required  for  2^/^  inches  and  larger 
risers  and  supply  mains,  the  fittings  to  be  flanged  on  at  least  one 
end. 

Couplings.— Couplings  shall  not  *be  used  except  where  it  is  prac- 
tically unavoidable. 

The  use  of  any  considerable  number  of  couplings  io  an  equip- 
ment is  considered  as  prima  facie  evidence  of  poor  wbrkmanship. 

Reducers. — A  one-piece  reducing  fitting  of  good  design  shall  be 
used  wherever  a  change  is  made  in  the  size  of  pipe.  Bushings  shall 
not  be  used  for  reducing  ikt  size  of  the  openings  of  fittings. 
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37.  Hangers. — Hangers  shall  be  of  an  approved  type  and  either 
round  wrought-iron  "U"  (factory  made  and  bent  hot),  malleable 
cast-iron   ring  clip  or  other  adjustable  patterns. 

Wrought-iron  hangers  are  preferable  to  cast  iron,  and  **IT" 
hangers  are  for  this  reason  best  where  their  Use  is  possible. 

Flat-iron  "  U  "  hangers  may  be  accepted,  provided  the  thickness 
of  the  metal  be  in  no  case  less  than  3/16  inch,  and  of  sufficient 
width  to  allow  plenty  of  met al  each  side  of  t?he  screw  holes. 

Screws  and  Rods. — Wood  screws  for  adjustable  clip  hangers 
should  not  be  smaller  than  No.  17,  and  must  penetrate  ceiling  beam 
or  joist  at  least  i^  inches,  For  2-inch  pipes  and  smaller  two 
screws  should  be  used,  and  for  larger  pipes  four  screws  should 
be  used.  . 

The  size  of  rod  and  screws  for  Hangers  should  be  as  givferi  in 
the  following  tables: 


Size  of 

Size 

Size  of 

Sizkj  of 

,    Size  of 

Single   Rod 
if  Threaded 

of  Drive 

Coach 

.   Pipe 

U  Rod 

Screws 

Screws 

%"    to   2" 

S/16'' 

.  %" 

No.    16  X  2» 

2%" 

%" 

ILtt 

%X2%'» 

3., 

%" 

Ijrn 

%y^2W 

3Vj" 

7/16" 

%" 

^xa^" 

^1 

7/16" 

%" 

}gx3" 

5" 
6" 
8" 

"f 

%" 
%" 

%X3" 

Drive  screws  should  be  used  only  in  a  horizontal  position  as  in 
the  side  of  a  beatn. 

Screws  in  the  side  of  a  timber  or  joist  should,  not  be  less  than 
2^/2  inches  from  the  lower  edge,  when  supporting  branch  lines,  A 
greater  distance  is  desirable  for  larger  pipes. 

Position  of  Hangers. — Hangers  should  not  be  near,  enough  to 
sprinklers  tO'  obstruct  distribution  of  Water.  Ordinarily,  they  should 
not  be  neairer  than  12  inches  from  sprinkler,  except  in  the  case  of 
round  iron  hangers  where  a  space  of  not  Kess  than  3  inches  \nay  be 
permitted  under  ceilings  of  "  fire-pidaf  "  and  "  slow-burning  "  con- 
struction. 

The  ^-inch  pipe  at  the  end  of  all  branch  lines  when  over,  6 
feet  in  length  shall  have  two  hangers. 

For  concrete  construction :  The  cast-iron  inserts  should  be 
installed  during  the  construction  of  the  building,  or  provision  made 
for  attaching  the  hangers  to  the  beams.  If  in  buildings  already 
constructed  expansion  bolts  ,  are  used,  they  should 'be  of  a  type 
satisfactory  to  the  Inspection  \ Department  having  jurisdiction  and 
if  possible  installed  in  a  horizontal  position. 

For  new  concrete  buildings,  the  location  of  sprinkler  pipes  and 
hangers  shall  be  determined  previous  to  btfiWing  operations,  in 
order  that  proper  provision  may  be.  mad^  during  the  construction 
for  the  installation. 

Where  pipes  are  run  through  con'cretc  beams,  the  sleeves  should 
be  large  enough  to  accommodate  pipe  at  least  two*  sizes  larger 
than  it  is  intended  to  inritaSl. 

38.  Drip.  Pipes. — Drip  pipes  shall  be  provided  to  drain  all  parts 
of  the  system.  Drip  pipes  at  the  main  risers  should  be  not  smaHer 
than  two  (^2)  inches,  and  when  exposed  to  the  weather  to  be  fitted 
with  hood  or  down-turned  elbow  Vcy  prevent  stoppage  with  ice.  ^ 
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Drip  pipes  shjtll  be  so  arranged  as  not  to  expose  any  part  of  the 
sprinkler  system  to  frost,  and  so  connected,  either  by  check  vdves 
or  other  means,  that  they  will  not  overflow  domestic  service  or 
other  connections  there  may  be  to  the  same  sewer  or  drain. 

Drips  for  small  sections  shut  off  in  winter  shall  be  located  in  a 
warn?  room  or  below  frost,  so  as  to  drain  all  portions  of  pipe  where 
freezing  can  occur. 

Drain,  drip  or  draw-off  pipes  shall  not  terminate  in  blind  spaces 
under  the  buildings.  The  water  from  these  washes  the  soil  away, 
exposing  the  supply  -pipe  and  may  undermine  the  structure  pro- 
tecting the  pipe. 

Cold  air  enters  draw-toff  pipes  and  may  cause  freezing  of  the 
valves. 

AJl  drips  should  have  at  least  4  feet  of  pipe  exposed  in  the 
warm  room. 

See  also  Section  G,  Alarm  System. 

39.  Drainage. — All  sprinkler  pipe  and  fittings  shall  be  so  installed 
that  they  can  be  thoroughly  drained,  and,  where  practicable,  all 
piping  should  be  arranged  to  drain  at  the  main  drips.  On  wet-pipe 
systems  the  horizontal  branch  pipes  shall  be  pitched  not  less  than 
%  inch  in  10  feet.     (See  also  Section  H,  Rule  49.) 

In  wet  systems  ^-inch  composition  plugs  may  be  allowed  where 
a  few  low  heads  are  involved,  as  under  stairways.  Limit  the  extra 
drips  to  as  small  a  number  as  possible. 

40.  Test  Pipes. — Alarm. — On  wet  systems  a  test  pipe  of  not  less 
than  ^-inch  in  diameter  shall  be  connected  directly  with  each 
riser  in  upper  story  and  arranged  to  discharge,  through  a  J/^-inch 
brass  outlet,  preferably  to  a  point  where  it  can  readily  be  seen. 
With  long  runs  or  many  angles,  size  of  test  pipe  should  be  increased 
to  I  inch  or  larger. 

Water .  Flowing.— It  is  very  essential  that  either  drains  or  test 
pipes  should  ;be,  provided  so  that  proper  flowing  tests  may  be  made 
to  determine  if  the  water  supplies  and/or  the  connections  from 
yard  mains'  to  inside  of  buildings  are  in  order.  Any  such  drain 
or  test  pipe  should  be  not  less  than  2  inches  in  size,  and  so  installed 
that  the  controlling  valveis  may  be  opened  wide  for  a  sufficient  time 
to  assure  a  proper  test  without  overflowing  any  service  connec- 
tions there  may  be  to  the  same  drain,  or  cause  any  water  damage. 
A  pressure  gauge  should  be  installed  in  each  case,  connection  for 
it  should  not -be  less  than  ^  inch  in  Size,  controlled  by  a  valve 
wjth  arrangements  for  draining,  and,  located  on  the  main  pipe  and 
not  on  the  drain  or  test.  pipe.  On  a  wet  system,  where  the  con- 
trolling valves  and  drains  may  be  located  in  a  detached  pit  or  valve 
house,  test  pipes  should  be  provided  inside  of  the  buildingrs  on  the 
various  connections  to  th!e  sprinkler  system.  The  Inspection  De- 
partment having  jurisdiction  should  determine  the  method  to  be 
used  in  each  case.  See  illustrations  for  various  types  of  test  pipes, 
and  also  Rule  41. 

Dry-pipe  Systems. — See  Section  H,  Rule  50. 

41.  Pressnre  Gauges^-^A  standard  make,  5-inch  dial,  spring, 
pressure  gauge  should  be  connected  with  the  discharge  pipe  from 
each  water  supply,  including  each  connecting  pipe^frqiit  public 
waterworks,  and  also  as  follows:  Digitized  by  ^OOgTC 
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In  each  sprinkler  systiem  above  and  b^low  the  alarm  check  or 
dry-pipe  valve. 

At  the  air  pump  supplying  the  pressure  tank. 

At  the  pressure  tank. 

In  each  independent  pipe  from  air  supply  to  dry-pipe  systems.; 

At  test  pipes  as  above,  Rule  40. 


Reproduced  by  permisuon  Nat'l  Bd.  of  EiroUnd'a. 
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Gauges  shall  have  a  maximum  limit  equivalent  to  twice  the  nqr-' 
mal  working  pressure  where  installed.  Should  a!f so  be  connected 
direct  with  riser,  but  with  sufficient  clearance  to '  pei^lt  of  easy 
removal,  connection  being  tapped  into  drain  tee;  preferably  opposite 
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the  drainpipe,  but  not  pn  idrainpipe.  Gauges  should  be  located  in 
a  suitable  place  and  where  water  will  not  freeze.  Each  should 
be  controlled  by  a  valve  with  arrangement  to  dirain.  A  plugged 
outlet  should  be  located  between  each  valve  and  gauge,  for  the 
purpose  of  installing  the  inspector's  gauge,  size  to  be  not  less 
than  as  noted  in  Rule  40. 

Section  G^— Alarm  System 

42,  Gongs  and  Connections. — Every  automatic  sprinkler  system 
should  contain  an  alarm  apparatus  so  constructed  that  a  flow  of 
water  through  same  wijl  operate  an  electric  gong,   a  mechanical 
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gong,  or  both,  as  the  character  of  the  property  and  circumstances 
may  require.  On  wet-pipe  systems^  or  partially  so,  this  apparatus 
should  consist  of  an  alarm  valve  and  attachments;  on  dry-pipe 
systems,  attachments  to  dry-pipe  valve  (see  Section  H),  except 
that  where  there  is  an  approved  supervisory  system  to  a  central 
station,  one  of  the  local  alarms  may  be  omitted  at  the  discretion 
of  the  Inspection  Department  having  jurisdiction.  In  other  places, 
especially  in  small  towns,  alarija  ya|ve  or  dry-pipe  valve  may  be 
connected  with  public  fire  department  house,  or  some  other  suitable 
place. 

The  use  of  both  elecjtric  and  mechanical  gongs  is  strongly  recom- 
mended, TJne  gong  of  ^e  latter  type  can  be  located  on  the  outside 
of  building  Qr  any  othier  desirable  place  on  the  premises.     When 


Automatic  Sprinklers 


559 


located  on  the  outside,  all  gongs  shall  be  protected  from  the  weather. 
Electric  bells  shall  be  of  standard  type.  . 

Rotary  gong  should  be  located  as  near  alarm  valve  or  dry-pipe 
valve  as  possible.  Attention  is  called  to  the  necessity  of  avoiding 
long  runs  or  many  angles  in  pipe  to  rotary  gong.  The  total  length 
of  pipe  horizontally  should  not  exceed  75  feet,  and  vertically  20  feet. 

All  pipe  between  alarm  valve,  dry-pipe  valve  and  rotary  gong 
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should  be  galvanized  or  brass  of  a  size  not  less  than  ^  inch,  bnd 
larger  for  long  runs  of  piping  or  Tvliere  pressures  are  low;  and 
arranged  to  drain  properly  tJirough  fibt  larger  than  a  J/^-inch  orifice, 
brass  bushed. 

Water  motor  and  gong  should  be  properly  aligned  and  so  in- 
stalled as  not  to  be  liable  to  get  out  of  adjustment. 

The  drain  from  the  water  motor  should  be  properly  connected. 
See  Rules  38,  40  and  47. 

43.  Alarm  Apparatus. — Shall  be  so  located  that  the  passing  of 
water  through  any  of  the  automatic  sources  of  supply  tQ^fly^o^ 
the  sprinklers  will  cause  its  action.  Digitized  by  ^OOglL 
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44.  Approvals — Alarm  valve  or  other  alarm  apparatus  should  be 
approved  by  the  Inspection  Department  having  jurisdiction. 

45.  Wiring  and  Energy  for  Electric  Alarms. — Should  be  in- 
stalled iti  iaccordance  with  the  rules  of  the  National  Board  of  Fire 
Underwriters.     (See  Signaling  Systems.) 

46.  Alarm  Valve  Installation. — The  alarm  valve,  retarding  cham- 
ber and  circuit  closer  shall  be  so  located  that  all  parts  will  be  readily 
accessible  for  inspection,  repair  or  removal,  and  all  shall  be  sub- 
stantially supported.  Suitable  valves  shall  be  provided  in  the  con- 
nections to  file  retarding  chamber  to  permit  repair  or  removal 
without  shutting  off  sprinkler  system.  These  valves  should  be 
arranged  to  be  readily  isecured  open. 

47.  Drains. — A  vent  should  be  provided  for  circuit  closer.  Where 
used,  should  be  properly  piped  to  a  drain. 

Drains  at  alarm  valve  and  at  the  variable  pressure  chamber, 
circuit  closer  and  rotary  gong  connected  with  valve,  shall  be  so 
arranged  that  there  will  be  no  •  danger  of  freezing,  and  also  so 
protected,  by  checks  or  otherwise^  that  there  will  be  no  overflowing 
at  the  alarm  apparatus  or' of  domestic  connections  that  may  be  on 
the  same  drain,  with  thei  sprinkler  drains  wide  open.  Where  checks 
are  used,  they  should  liave  the  equivalent  of  at  least  a  four  foot 
head,  and  not  installed  in  a  vertical  position  "looking  down." 

Drains  from  retarding  chamber  and  circuit  closer  should  dis- 
charge either  to  open  cones  conniected  as  above,  or  the  drain  from 
alarm  valve  run  separate .  from  the  other  drains  to  the  sewer  or 
ground  drain,  a  union  or  plug .  being  iriserted  in  each  drain  to 
permit  of  inspection. 

Where  drains  are  connected  with  a  sewer,  proper  trap  shall  be 
provided. 

Cold  air  has  been  known  to  .enter  drainpipes  from  retarding 
chambers  of  alarm  valves  sufficiently  to  cause  trouble  by  freezing 
in  the  alarm  check  valve.  Wher^  exposed  to  frost  and  it  is  neces- 
sary to  drain  alarm  valves  outside  the  wall,  an  open  discharge 
cone  should  be  provided  inside  to  break  the  pipe  line  so  cold  will 
not  be  conducted  directly  into  the  retarding  chamber.  (See  Sec- 
tion F,  Rule  38.) 

Section  H — Dry-Pipe  System  and  Fittings 

48.  Where  Necessary. — A  dry-pipe  system  should  be  required 
only  where  a  wet-pipe  system  is  impracticable,  as  in  rooms  or  build- 
ings which  cannot  be  properly  heated  by  the  exercise  of  reasonable 
precaution.  The  use  of  an  approved  dry-pipe  system  is,  however, 
far  preferable  to  entirely  shutting  off  the  water  supply  during  cold 
weather.  .   ..  .     •  t 

■  Where, it  is  nec^ssa^y^  to  have  but  t\venty-five  (25)-  per  cent  or 
less  of  the.  total  number  of  sprinklers  on  an  air  system,  only  such 
sprinklers  should  be  thus  piped;  the  remainder  to  be  placed  on 
wet  systeni«  ,.  :  . 

This  rule  requires  small  dfy-pipe  systems  for  show  windows, 
blind  attics  or  other  minor  portions  exposed  to  freezing; 

Air  pressure  should  be  maintained  on  dry^pipe  systems  through- 
out the  year,  unless  changed  by  consent  of  the  Inspection  Depart- 
ment having  jurisdiction.  .       .  r       '       1 

(See  also  Section  K,  Rule  77.)    ^  Digitized  by  VjOQgle, 
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49.  Drainage^ — Sprinklers  shall  be  located  in  an  upright  position. 
All  sprinkler  pipes  and  fittings^  shall  be  so  installed  that  they  can 
be  thoroughly  drained  and,  wKere  practicable,  all  pipes  should  be 
arranged  to  drain  at  the  main  drip,  ordinarily  located  at  the  dry- 
pipe  valve.  The  tops  of  branch  lines  should  pitch  at  leasf  ^  inch 
in  10  feet,  and  more  where  settling  may  occur.  A  pitch  of  j4  i"ch 
to  I  inch  is  usually  not- impracticable  with  short  branch  lines,  and 
should  be  provided  where  there  is  a  chance  of  settling. 

Where  settling  may  occur  and  deprive  a  dry-pipe  system  of  its 
drainage,  the  ends  of  lines  should  not  be  raised  to  violate  Section 
B,  iRule  13.  The  drainage  should  be  restored  by  shortening  the 
vertical  piping.:    -. 

Extra  Drips.' — When  conditions  are  such  that  additional  drip 
valves  are  necessary,  such  as  under  stairs,  low  platforms,  etc., 
these  should  be  conveniently  located,  so  that  they  may  be  accessible 
for  inspection  and  test.  I>rip  valves  should  have  soft  metal  seats 
and  composition  plugs. 

Connection  from  Top  of  Pipe. — Where  the  supply  for  these  low 
sprinklers  is  taken  from  a  large  pipe»  such  as  a  trunk  main,  the 
connection  should  be  made  from  or  near  the  top  of  the  large 
pipe,  so .  as  to  prevent  condensation  in  same  entering  the  small 
pipe.     This  can  be  accomplished  by  looping  back  the  connection. 

Where  feasible,  the  drains  for  these  low  portions  should  be 
carried  back  into  warm  rooms,  and  the  drip  valveis  located  there. 

J^-inch  Test  Pipe. — In  cold  climates,  where  there  may  be  a  con- 
siderable number  of  sprinklers  or  a  low  point  in  large  pipe  drained 
by  a  separate  drip,  requiring  a  drain  valve  iM  inch  or  more  in 
size,  it  lis  advisable  to  provide  either  a  condensation  drip  or  a  ^- 
inch  drip  valve  back  of  and  below  the  larger  drain  valve.  This 
latter  arrangement  will  permit  the  blowing  out  of  these  low  pipes 
through  the  J^-inch  valve,  when  there  might  be  danger  of  upsetting 
the. system  by  opening  the  larger  drain. 

Gare  should  be  taken  to  support  the  piping  in  a  secure  manner, 
and  to  see  that  the.  sprinklers  do  not  violate  the  rules  for  position. 
(See  Section  B,  Rule  12;) 

50.  Supply  and  Test  Pi^e.^— All  water  supplies  to  sprinklers  shall 
enter  the  system  below  the  dry-pipe  valve,  shall  be  properly  pro- 
tected from '  freezing,  and  provided  with  a  2-inch  test  pipe  placed 
directly  under  the:  dry-pipe  valve.  Test  pipe  should  be  provided 
witfe  a  standai-d  valve  and  be  properly  connected  to  a  drain^  so  as 
to  permit  of  the  valve  being  opened  wide  for  a  water  flowing 
test.  Pressure  gauges  should  also  be  provided  as  called  for  in 
Section  F,  Rule  41.  ■     \ 

51.  Si^e  of  Dry  System. — The  number  of  sprinklers  dependent 
upon  one  dry-pipe  valve  should  preferably  not  exceed  300,  and  400 
heads  should  be  the  maximum  allowed,  except  in  very  special  cases. 

If  there  is  a  considerable  length  of  pipe  between  the  dry-pipe 
valve  and  the  sprinklers,  thus  materially  increasing  the  air  capacity 
of  the  system,  the  number  of  heads  equivalent  to  this  additional 
capacity,  based  on  one  head  per  gallon  contents  of  this  pipe,  should 
be.  considered  when  estimating  the  total  number  of  sprinklers. 

Where  more  than  400  sprinklers  are  necessary  in  buildings  con- 
taining two  or  more  floors,  the  system  preferably  should  be  divided 
horizontally  by  consecutive  floors  and  supplied  through  two  or  more 
dry-pipe  valvesj  :It  will  be  allowable,  however,  where  this   rule 
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would  necessitate  increase  in  j  tbe  attmber  or  size  of  the  dry-pipe 
valves,  or  involve  a  complication  of  the  piping  to  provide  for  ver- 
tical sub-division. 

Sub-division  of  System. — ^A  dryrpipe  system  may  be  still  further 
sub-divided  by  the  insertion  bf  check  valves  in  the  different  branches 
of  the  system,  thus  quickening  the  operation,  of  the  dry-pipe  valve. 
Holes  %  inch  in  diameter  should  be  bored  in  the  clappers  of  the 
checks  to  equalize  the  air  pressure  under  normal  conditions,  and  a 
drain,  properly  connected,  should  be  provided  in  front  of  each 
check  valve. 

The  dry-pipe  valve  should  be  located  in  an  accessible  place  and 
as  near  as  practicable  to  the  sprinkler  system  it  supplies. 

Dry-pipe  ^Underground.— When  it  is  necessary  to  place  pipe  which 
will  be  under,  air  pressure  underground,  it  is  desirable  that  it  be 
buried  below  frost,  so  as  to  prevent  any  trouble  from  the  heaving 
action  of  frozen  ground.  This  pipe  should  be  wrought  iron  or 
steel,  and  have  at  least  two  coats  of  some  good  rust-proof  paint, 
such  as  asphaltum,  tar,  etc.,  one  coat  to  be  applied  before  the  pipe 
is  laid,  and  'the  other  after  all  joints  are  made  up,  final  turn. 

No  lead-jointed,  cast-iron  pipe  shall  be  used  uiider  air  pressure, 
and  all  pipe  liablei  to  corrosion,  where  underground  or  exposed  to 
chemical  fumes,  for  example,  shall  be  painted  or  otherwise  so 
treated  as  to  reduce  to  a  minimum  this  deterioration,  which,  with 
the  pipes  unprotected,  might  soon  cripple :  the  system.  To  f urdier 
safeguard  the  piping  against  corrosion,  it  is  advised  that  after 
the  ioints  are  made  up  and  before  the  second  coat  of  paint  is 
applied,  the  pipe  should  be  wrapped  tightly  with,  burlap  amd  burlap 
painted  on  outside;  also  that  the'  pipe' should  be  laid  in  a  box  or 
split  tile  conduit  for  still  additicynal  parotection.     . 

Prj^ssure  to .  be  Carried. — High  air  pressure  in  dry-pipe  systems 
is  undesirable^  and  35.  pounds  has  been  found  to  be  the  maximum 
which  it  is  necessary  to  carry  in  most  cases.  Under  tihese  condi- 
tions, .tey  avoid  pumping  oftener  than  once  a  week,^  the  system 
should  not  lose  more  than  about  10  pounds  air  pressure  per  week, 
and  an  equipment  which  leaks  more  than  this  cannot  be  considered 
acceptable.     (See  also  Section  K,  Rule  77.)        •    , 

.52*  Ailarm  A^^^Lcftuiients. — Where  a  dry-pipe  valve  is  not  located 
on  the  system  side  of  an  alarm  valve,  it  should  be  provided  with 
both  mechanical  and  electrical  alarms,  installed  in  accordance  with 
the  requirements  for  alarm  valves  .{Section  G).  Dryrpipe  vaive 
should  bei  fitted .wi*th  aaa. approved  alarm-testing  device,  thb  ±0  be 
oonn«cted  with  water  supply  so*  that  alarms  can  be  tested  without 
disturbing  main  gates  or  air  system. 

Pressure  gauges  shomld  be  provided  as  called  for  im  Section  -F, 
Rule.41.    .       ],  ' 

S3'  Protection  of  Dry-pipe  Valve. — Dry-pipe  valve  in  any  ioca- 
tion. should  be  proper.ly  protected  from  mechanical  injury. 

Where  exposed  to  cold,  the  dry-pipe  valve  should  be  located  in 
an  approved  underground  pit,  oi*  in  a  valv^  room  or  closet.  Room 
should  be  of  sufficient  size  to  give  at  least  25/^  feet  free  space  on 
all  sides  of,  and  above  or  below  dry-pipe  valve  or  valves,  and  this 
room,  if  feasible,  should  not-  be  built  until  the  valve  is  in  position. 
Valve  room  should  be.  well-  lighted,  preferably  by  electric  light,  and 
properly  heated  by  steam,  electric  heater .  (installation  to  comply 
with  the. National  Electric  Code),  gas  or  lard  oil  lantern.    'II  fire 
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hqat  is  used,  some  ventilation  will  be  necessary  to  supply  the  air 
for  combustion. 

Valve  room  should  preferably  be  of  fireproof  construction,  and 
in  exposed  locations  the  walls  should  be  double  with  2-inch  air 
space.  If  the  valve  room  is  of  w6od,  it  should  have  double  walled 
top^  sides  and  bottom,  with  4-inch  hollow  space.  Space  may  be 
filled  with  tan-bark,  mineral  wool,  etc.,  as  desired.  Where  lantern 
or  other  fire  heat  is  used,  in  wooden  valve  rooms,  all  inside  wood- 
work should  be  thoroug-hly  tinned.  The  room  should  also.be  con- 
structed so  that  it  can  be  kept  reasonably  dry.  This  will  call  for 
a  means  of  ventilation  to  prevent  condensation  where  the  climatic 
conditions  are  severe.  One  or  more  sprinklers,  depending  apon 
size  of  room,  should  be  installed,  wet  pipe,  and  controlled  :by  a 
valve. 

54.  Independent  Air  Filling  Connection. — The  connection  from 
the  air  pump  should  enter  the  system  in  the  main  riser  above  the 
dry-pipe  valve,  and  on  this  supply  at  this  point  a  shut-off  valve 
with  soft  metal  seat  should  be  placed,  arid  immediately  back  of  it 
a  check  valve. 

See  Appendix    for   rule   on   Anti-Columning   pipes. 

55.  Air  Compressor. — Pump  should  be  of  sufficient  capacity  to 
increase  air  pressure  at  an  average  rate  of  not  less  than  one  pound 
pe,r  two  minutes  pumping   (preferably  faster). 

A  relief  valve  should  be  provided  on  every  system. 

A  direct  steam  or  electrically  driven  air  punlp  is  preferred  to  a 
power  pump.  The  air  supply  should  he  taken  from  outside  or 
from  a  room  having  dry  air,  in  order  to  avoid  carrying  moisture 
into  the  system.    The  intake  should  be  protected  by  a  screen. 

In  extensive  systems  subject  to  extreme  cold,  the  ^ir  supply 
should  be  taken  from  the  room  where  the  lowest  temperature  and 
driest  air  prevail,  and  drawn  through  a  reseryoir  or  tank  of  about 
thirty  gallons'  capacity  containing  from  ten  to  fifteen^  pounds ,  of 
granulated  calcium  chloride. 

56.  Flanged  Dummy. — A  flanged  section  of  pipe,  with  drain 
outlet  same  size  as  on  dry-pipe  valve,  to  take  the  place  of  dry-pipe 
valve,  in  case  of  repairs,  should  be  provided  for  each  type  and  size 
installed,  and  kept  at  the  valve. 

SecticMi  I — Water  Supplies 

57.  Double  Supply. — For  a  standard  equipment  two  independent 
supplies  ar^  required.  At  least  one  of  the  supplies  should  be  auto- 
matic and  one .  capable  of  furnishing  water  under  heavy  pressure. 
The  choice  of  water  supplies  for  each  equipment  should  be  deter- 
mined by  the  Inspection  Department  having  jurisdiction. 

58.  Public  Water  (except  high  pressure  systems ;  also  applicable 
to  private  reservoir  and  standpipe  systems). — One  or  more  con- 
nections from  a  reliable  public  water  system  of  godd  pressure  and 
adequate  capacity  furnishes  an  ideal  "  primary  supply."  A  high 
static  water  pressure  should  not,  however,  be  a  criterion  by  which 
the  efficiency  of  the  supply  is  determined.  The  supply  should  give 
not  less  than  25  pounds  static  pressure  at  all  hours  of  the  day 
at  highest  line  of  sprinklers,  and  also  be  satisfactory  to  the  Inspec- 
tion Department  having  jurisdiction  in  its  ability  to  maintain  10 
pounds    pres3ure    at    highest    sprinklers,    with    the    water    flowing 
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through  the  number  of  sprinklers  judged  liable  to  be  opened  by 
a  fire  at  any  one  time.  Street  mains  should  be  of  ample  size,  in 
no  case  smaller  than  6  inches.  Dead  end  mains  should  be  avoided 
if  possible  by  arranging  main  to  be  fed  both  ways.  No  pressure 
regulating  valve  should  be  used  in  water  supply  for  sprinklers, 
except  by  special  permission  of  Inspection  Department  having  jur- 
isdiction, and  where  meters  are  used  they  should  be  of  a  standard 
typcv 

Where  connections  are  made  from  public  waterworks  systems, 
it  is  often  desirable  to  have  double  check  valves.  Only  check  valves 
of  special  design  and  standardized  for  this  purpose  should  be  used. 

See  also  Section. E,  Rule  27. 

Connections  to  public  waterworks  systems  should,  where  feasible, 
be  controlled  by  post  indicator  valves  of  a  standard  type  and  located 
not  less  than  40  feet  from  the  buildings  protected;  or,  if  this  can- 
not be  done,  placed  where  they  will  be  readily  accessible  in  case 
of  fire  and  not  liable  to  injury.;  See  Rules  27,  28,  30,  32,  33,  97 
and  98.  Where  post  indicator  valves  cannot  readily  be  used,  as 
in  a  city  block,  underground  gates  should  conform  to  the  above 
as  far  as  possible  and  their  locations  and  direction  to  open  be  plainly 
marked  on  the  buildings. 

Connections  for  domestic  or  standpipe  use  over  2  inches  in  size 
should  conform  to  the  above. 

All  post  indicator  valves  should  be  plainly  marked  with  the 
service  they  control. 

For  the  construction  and  installation  of  the  following  devices, 
see  elsewhere  in  this  book,  or  the  special  pamphlets  issued  by  the 
National   Board  of  Fire  Underwriters: — 

Steam   Fire   Pumps. 

Rotary  Fire  Pumps. 

Centrifugal  Fire  Pumps.  ^ 

Gravity  and  Pressure  Tanks. 

59.  Pumps. — A  well-located  fire  pump  is,  under  most  conditions, 
the  most  satisfactory  source  of  the  "  secondary  supply,"  as  with 
ample  water  supply  it  is  capable  of  maintaining,  a  high  pressure 
over  a  long  period  of.  time. 

The  capacity  of  the  pumping  plant,  the  kind  of  pump  and  its 
source  of  water  supply,  should  be  determined  by  conditions,  and 
should  be  the  subject  of  special  consideration  in  each  case  by  the 
Inspection  Department  having  jurisdiction.  The  capacity  of  pump 
should  ijever  be  less  than  500  gallons  per  minute  when  it  supplies 
sprinklers  only,  and  not  less  than  750  gallons  when  it  supplies 
hydrants  also. 

60.  Tanks.  Gravity. — The  capacity  and  elevation  should  be  de- 
termined by  the  Inspection  Department  having  jurisdiction;  but 
where  a  tank  is  also  drawn  upon  for  hose  streams  it  should  not 
be  of  less  than  30,000  gallons  capacity,  and  should  prefierably  be 
installed  with  the  bottom  not  less  than  75  feet  above  the  yard  level. 
In  any  case  the  bottom  of  the  tank  should  be  at  least  20  feet 
above  the  highest  sprinklers. 

Tatlks.  Pressure. — Capacity  of  tank  should  be  specified  by  the 
Inspection  Department  having  jurisdiction,  but  should  be  not  less 
than  4,500  gallons  total  capacity,  except  by  special  permission,  and 
tank  should  not  be  located  below  the  upper  $j^^d  of  building,  and 


Automatic  Sprinklers  565 

be  used  as  a  supply  to  automatic  sprinklers  and  hand  hose  only. 
(See  Section  K,  Rule  75  )    , 

61.  Penstocks  or  Flumes, — Where  connections  are  made  from 
these,  either  as  a  direct  supply  to  automatic  sprinklers  or  as  a  suc- 
tion for  fire  pumps,  they  should  be  arranged  to  avoid  mud  and 
sediment.  Connections  should  also  be  provided  with  removable 
screens  installed  to  the  requirtments  of  the  Inspection  Department 
having  jurisdiction.  VV^here  connections  are  made  from  rivers  or 
lakes  they  should  be  provided  with  removable  screens  similar  to 
those  for  pump  suction. 

62.  Size  of  Connection, — Connection  from  water  suppjy  or  main 
pipe  system  to  sprinkler  riser  should  be  equal  to  or  larger  in  size 
than  the  riser.  Connections  for  domestic  use  should  not  be  taken 
from  the  fire  system.  See  also  Section  E,  Rule  27,  and  Under- 
ground Pipes,  Section  M. 

Section  J — Steamer  Connections 

63.  Recommendations. — In  addition  to  the  above  required  double 
supply,  it  is  recommended  that  a  hose  inlet  pipe  to  sprinkler  system 
be  provided  for  connection  from  hose  or  steamer  of  public  fire 
department. 

64.  Pipe  Size. — Should  be  .  not  less  than  four  inches  in  size 
except  by  special  consent  of  Inspection  Department  having  juris- 
diction, and  fitted  with  a  straightway  check  valve,  but  not  with  a 
gate  valve.  Siamese  connections  should  be  provided  with  check 
valves  in  the  "  Y." 

Connections  should  be  so  located  as  to  provide  for  prompt  and 
easy  attachment  of  hose. 

65.  Drain  and  Dirt  Pocket. — Each  connection  should  be  arranged 
to  properly  drain  the  piping  between  the  check  valve  and  the  out- 
side hose  coupling,  and  also  to  prevent  entry  of  foreign  matter, 
by  installing  a  refuse  collector  or  dirt  pocket,  and  a  i-inch  ball 
type  of  drip. 

66.  Where  Attached. — To  equipments  having  a  single  riser 
attach  on  the  system  side  of  the  gate  valve  in  the  riser  if  a  wet 
system,  but  on  the  supply  side  of  the  dry  valve  if  a  dry  system. 

To  equipments  having  two  or  more  risers  attach  on  the  supply 
side  of  the  gate  valves,  so  that  with  any  one  riser  shut  off  the 
supply  will   feed  all  the  remaining  sprinklers. 

Any  underground  pipe  used  to  attach  steamer  connections  to 
system  should  be  cast  iron,  and  the  wrought  and  cast  iron  pipes 
should  be  properly  strapped  together. 

All  steamer  connections  should  be  so  arranged  that  they  have 
proper  support. 

67.  Threads. — Each  hose  connection  should  be  made  of  good 
brass,  having  thread  to  fit  coupling  of  public  fire  department. 
Standard  cast  iron,  malleable  iron  or  brass  caps,  properly  secured, 
and  arranged  for  easy  removal  by  public  fire  department,  should  be 
provided  in  each  connection. 

Each  hose  connection  should  be  designated  by  raised  letters  at 
least  I  inch  in  size,  cast  in  the  fitting  in  a  clear  and  prominent 
manner  and  reading:    "Auto,  spkr." 

68.  Number  of  Connections. — Should  be  specified  by  the  Inspec- 
tion Department  having  jurisdiction  in  each  caSeedbyVjOOglC 
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Section  K— -Miscellaneous  Rules 

69.  Circulation  in  Pipes. — Circulation  of  water  in  sprinkler  pipes 
IS  very  objectionable,  owing  to  greatly  increased  corrosion,  deposit 
of  sediment  and  condensation  drip  from  ^ipes;  sprinkler  pipes  not 
to  be  used  in  any  way  for  domestic  service. 

70.  Painting,  Whitewashing  or  Bronzing. — Where  pipes  arc 
painted,  whitewashed  or  bronzed  for  appearance,  the  moving  parts 
of  sprinkler  heads  should  not  be  so  coated. 

71.  Protection  of  Pipes  and  Sprinklers  Against  Corrosion. — 
In  places  where  chemical  fumes  or  much  moisture  is  present, 
sprinkler  pipes,  hangers  and  heads  should  be  protected  against  cor- 
rosion, method  to  be  determined  by  the  Inspection  Department  hav- 
ing jurisdiction;  but  the  following  are  recommended: 

Protection  of  Pipes. — Where  subject  to  corrosive  influences, 
sprinkler  piping  and  fittings  should  be  thoroughly  protected. 

In  some  places  it  will  be  satisfactory  to  paint  annually  with  red 
lead  and  linseed  oil  paint,  this  usually  giving  sufficient  protection 
when  exposed  to  moisture  only. 

When  chemical  fumes  are  present,  the  piping  should  be  coated 
with  some  good  chemical-resistive  paint  which  should  be  in  itself 
chemically  inert  and  at  the  same  time  for;n  a  good  bond  with  the 
exterior  of  the  pipe.  Extra  care  should  be  used  in  applying  such 
paint;  it  should  not  be  applied  on  a  damp  day,  nor  upon  damp  or 
cold  surfaces;  the  piping  should  be  thoroughly  cJeaned  of  all  scale 
and  dirt  (the  use  of  a  stiff  wire  bristle  brush  is  good  for  this), 
grease  and  oil;  the  paint  should  be  kept  thoroughly  stirred  and 
well  applied,  and  after  drying  thoroughly  a  second  coat  should  be 
applied.     Two  coats  are  usually  better  than  more. 

In  some  extremely  exposed  cases  the  piping  has  been  protected 
by  painting  it  with  graphite  paint  and  wrapping  it  with  rubberized 
tape  (such  as  the  trimmings  from  rubber  and  canvas  belts),  after 
which  the  whole  is  given  another  coating  of  graphite  paint.  Cases 
have  been  known  of  piping  protected  in  this  way  showing  absolutely 
no  sign,  of  corrosion  after  six  years  of  extremely  severe  exposure. 

The  use  of  galvanized  piping  is  not  very  satisfactory;  the  cutting 
of  the  threads  on  the  pipe  removes  the  protective  coating  near  the 
fittings  where  the  pipe  is  of  course  the  weakest,  and  further,  the 
zinc  forming  the  protective  coating  furnishes  little  protection  against 
a  great  many  corrosive  vapors  found  in  commercial  practice. 

Protection  of  Sprinklers.^ — The  manufacturers  of^  standardized 
sprinklers  can  furnish  heads  specially  protected  against  corrosion, 
and  these  should  be  used  wherever  sprinklers  are  exposed  to  cor- 
rosion. At  the  present  time  two  types  of  sprinklers  are  available, 
one  being  a  sprinkler  with  a  glass  cover,  hermetically  sealed,r  and 
the  other  being,  a  head  coated  with  a  corrosion-resisting  compound. 
Care  should  be  taken  in  screwing  the  sprinkler  into  the  fitting  not 
to  injure  this  protection,  otherwise  its  effectiveness  is  destroyed. 

72.  Alterations. — It  is  not  permitted  to  change,  plug  up  or  remove 
the  fittings  pertaining  to  dry-pipe  valve,  pressure  tanks,  pumps, 
gauges,  etc.  If  such  fittings  leak  or  become  deranged,  they  are 
to  be  put  in  order. 

yZ'  Extra  Sprinklers. — There  should  be  maintained  on  the  prem- 
ises a  supply  of  extra  sprinklers  (never  less  than  six),,  to  promptly 
replace  any  fused  or  in  any  way  injured.      Digitized  by  C^OOQIc 
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Sfjrinklcrs  should  be  of  the  various  degrees  that  may  be  used 
in  the  risk. 

74.  Use  of  High  Degree  or  Hard  Sprinklers.— High  degree 
sprinklers  should  be  used  only  when  absolutely  necessary  arid  In- 
spection Department  having  jurisdiction  should  be  consulted  in 
each  instance.  When  used,  the  following  table  should  be  referred 
to:  1  '•  - 

For  ceiling  temperature  exceeding  100  degrees  but '  not  150 
degrees,  install  212  degree  heads. 

For  ceilmg  temperatures  exceeding  150  degrees  but  not  225 
degrees,  install  286  degree  heads.  > 

For  ceiling  tetnperatures  in  excess  of  22i5  degrees,  install  360 
degree  heads. 

Ordinary  degree  sprinklers  should  be  substituted  for  high  degree 
sprinklers  where  the  latter  are  m^d'e  tmnecess^ry  by  change  in 
occupancy. 

75.  Hand  Hose  Connections. — Hand  hose^  to  be  used  for  fire 
purposes  only,  may  be  attached  to  sprinkler  pipes  within  a  room 
under  the  following  restrictions: 

Pipe  nipple  and  nose  valve  should  be  i  inch. 
Hose  to  be  i3^  inches  or  1%  inches. 
Nozzle  should  not  be  larger  than  ^  inch. 

Hose  should  not  be  connected  to  any  sprinkler  pipe  sriialler  than 
2y2  inches  and  never  attached  tp  a  dry-pipe  system. 

76.  Concealed  Pipe  Systertis.-^Conceaied  piping  is  ptbhibited 
except  when  the  Inspection  Department  having  jurisdiction  gives 
consent.  When  installation  is  permitted^  it  should  be  in  accordance 
with  the  following: 

(a)  Pipe  should  be  of  standard  weight  wrought  iron  or  steel, 
painted  with  two  coats  of  good  protective  paint,  one  ;before  and 
one   after  installation. 

(b)  Should  be  placed  in  properly  constructed  ducts  or  thoroughly 
encased  in  Portland  cement  or  equivalent.  Ih  no  case  shall  the 
pipe  system  be  installed  so  as  to  form  a  part  of  the  floor  arch 
reinforcement. 

(c)  When  installed  in  the  concealed  space  between  the  floor  arch 
and  ceiling,  pipe  should  be  supported  by  standard  hangers,  and  all 
pipe,  fittings  and  hangers  should  be  given  two, coats  of  good  pro- 
tective paint. 

77.  Tests  After  Installation. — All  systems  should  be  tested  at 
not  les§  than  150  pounds  pressure  for  2  hours,  and  at  50  pounds 
in  excess  of  the  normal  pressure  when  the  normal  pressure  is  in 
excess  of  100  pounds.  Emergency  tests  of  dry-pipe  systems,  under 
at  least  60  pounds  air  pressure,  should  be  made  at  seasons  of  the 
year  which  will  not  permit  testing  out  under  water  pressure. 

Brine  or  other  corrosive  chemicals  should  not  be  used  for  testing 
systems. 

To  prevent  the  possibility  of  serious  water  damage  in  case  jpf  a 
break,  pressure  should  be  maintained  by  a  snialt  pump,  the  main 
controlling  gate  being  meanwhile  kept  shut. ,  '        \ 

In  the  case  of  dry  systems  with  differential  type  ,of  dry-pipe 
valve,  the  valve  should  be  held  off  its  seat  during  the  tf  st  to  ^prevent 
injuring  the  valve.  Digitized  by  V^OpglC 
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In  dry  systems  an  air  pressure  of  40  pounds  should  be  pumped 
up,  allowed  to  stand  24  hours,  and  all  leaks  stopped  which  allow  a 
loss  of  pressure  of  over  V/2  pounds  for  the  24  hours. 

A  working  test  of  dry-pipe  valve  should  be  made,  if  possible, 
before  acceptance. 

All  tests  should  be  made  by  contractor  in  presence  of  inspector 
of  Inspection   Department  having  jurisdiction. 

78.  Relief  Valves  or  Air  Chambers, — Where  connections  are 
made  from  puj^lic  mains,  subject  to  severe  water  hammer  (espe- 
.cially  where  pressure  is  in  excess  of  100  pounds),  it  is  advisable 
to  provide  a  relief  valve,  properly  connected  to  a  drain ;  or  an  air 
chamber  in  the^  connection.  If  an  air  chamber  is  used,  it  should  be 
located  close  to  where  the  pipe  comes  through  wall,  and  back  of 
all  other  valves,  and  at  right  angle  to  other  valve?,  so  as  to  take 
the  full  force  of  water  hammer.  Air  chamber  shall  have  a  capacity 
of  not  less  than  I4  cubic  feet,  shall  be  controlled  by  a  standard 
O.  S.  &  Y.  gate  valve,  and  shall  be  provided  with  a  drain  at  the 
bottom.  If  an  air  vent  is  deemed  desirable  by  the  inspection  depart- 
ment, it  shall  consist  only  of  a  plugged  outlet. 

79.  Preliminary  Inspection  of  Sprinkler  Equipments. — Before 
asking  final  approval  of  an  automatic  sprinkler  equipment  by  the 
Inspection  Department  having  jurisdiction,  the  installing  company 
should  furnish  a  written  statement,  countersigned  by  the  assured, 
to  the  effect  that  the  work  has  been  completed  in  accordance  with 
the  approved  specifications  and  plans.  The  object  is  to  secure  a 
reasonable  amount  of  supervision  of  the  equipment  by  the  assured 
as  the  work  progresses,  a  larger  kilowledge  on  their  part  of  its 
functions  and  proper  maintenance,  and  also  to  prevent  needless 
waste  of  time  of  the  Inspection  Department.  Inspection  Depart- 
ment having  jurisdiction  should  fumisli  the  necessary  blanks  for 
the  above  purpose. 

Section  L — Open  Sprinklers 

{For  Protection  Against  Exposure) 
Window  Sprinklers 

80.  Discharge  Orifice. — Where  there  is  but  one  horizontal  line 
of  window  sprinklers,  each  head  should  have  a  smooth  bore  taper- 
ing outlet  with  an  unobstructed  orifice  ^  inch  in  diameter.  Where 
the  conditions  call  for  more  than  one  line  the  following  size  orifices 
should  be  used: 

^  lines.         3  lines.         4  lines.  5  lines.  6  lines. 

Top  line.  %-in.             %-in.             %-in.  %-in.  %-in. 

Next  low.  5/16-in.         5/i5-in.             %-in.  %-in.  %'in. 

Next  low.  %-in.         s/i6-ln.  5/16-in.  s/i6-in. 

Next  low.  %-in.  s/i6-in.  5/i6-in. 

Next  low.  %:in.  %-in. 

Next  low.  '  %-in. 

Where  there  are  over  six  horizontal  lines  of  windows  it  may 
be  preferable  to  omit  sprinklers  on  the  first  story  or  possibly  even 
on  the  second  story,  but  if  over  six  lines  are  used  the  system  should 
be  divided  horizontally  with  independent  risers,  and  in  some  cases 
this  may  be  desirable  even  where  six  lines  or  less  are  used.  Thus 
where  eight  lines  would  be  required,  the  four  upper  lines  should 
be  on  one  riser  according  to  the  above  table  and  the  four  lower 
lines  similarly  arranged  on  another  riser.  Where  over  six  lines 
are  used,  size  of  orifice  should  be  left  to  the  Inspection  Depart- 
ment having  jurisdiction. 
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Each  open  sprinkler  head  should  be  clearly  marked  on  the  out- 
side as  to  whether  it  is  ^-inch,  5/i6-inch  or  54 -^^^ch  orifice. 

Where  windows  are  3.  feet  or  less  in  width  a  size  smaller  orifice  than  required 
by  this  rule  may  be  used,  except  that  in  no  case  should  a  sise  smaller  than 
%  inch  be  used. 

81.  Pipe  Sizes. — No  branch  line  should  have  over  six  sprinklers 
where  central  riser  system  is  used.  Where  gridiron  system  (i.  e., 
a  riser  at  each  side  with  sprinklers  located  on  the  connected  pipes) 
is  used,  the  lines  between  side  risers  should  not  have  over  twelve 
heads.  Branch  line  pipe  sizes  should  be  as  follows,  this  applying 
with  either  central  riser  or  gridiron  system.  With  the  gridiron 
system  the  end  head  is  considered  as  being  the  one  directly  in 
the  center  (or  on  either  side  of  center  if  the  number  on  line  be 
even ) . 

(a)  For  )^-inch  orifice:  one  head  on  a  ^-inch  pipe;  two  heads 
on  a  i-inch  pipe;  four  heads  on  a  i^-inch  pipe;  six  heads, on  a 
iJ/^-inch  pipe. 

(b)  For  5/16-inch  orifice:  one  head  on  a  ^-inch  pipe;  three 
heads  on  a  i-inch  pip^e;  six  heads  on  a  i^-inch  pipe.  . 

(c)  For  14 'inch  orifice:  one  head  on  a  ^-inch  pipe;  five  heads 
on  a  i-inch  pipe;  six  heads  on  a  i^-inch  pipe. 

Where  heads  are  over  twelve  feet  apart  special  pipe  sizes  in  excess  of  the 
requirements  given  below  should  be  used. 

82.  Risers  and  Feed  Mains. — Central  feed  risers. 

1 14  inch.  Not  over     6  heads. 

2       inch.  Not  over   10  heads. 

2%  indh.  Not  over  20  heads. 

.  3       inch.  Not  over  36  heads.  ^ 

3^  inch.  Not  over  55  heads. 

4       inch,  r^ot  over  72  heads. 

For  gridiron  side  feed  risers,  use  the  same  sizes  counting  to  the 
center  of  each  line.  If  number  on  line  is  odd  the  center  head  may 
be  neglected  in  figuring  size  of  side  risers,  except  that  pipe  feeding 
both  risers  must  take  into  account  all  sprinklers  which  it  feeds. 
Where  feed  main  (including  risers  to  the  first  brianch  line)  is  over 
twenty-five  feet  in  length,  feed  main  should  be  at  least  a  size  larger 
than  the  tables  require.  Where  there  is  more  than  one  riser,  size 
of  feed  mains  should  be  determined  by  the  Inspection  Department 
having  jurisdiction  but  should  never  be  less  than  the  full  equiva- 
lent of  the  two  largest  risers. 

At  all  dead  ends  a  tee  instead  of  an  elbow  should  be  used  and 
a  piece  of  pipe  6  inches  long  with  brass  plug  in  end  should  be 
screwed  into  tee  to  form  a  pocket  for  collecting  dirt. 

Where  sprinklers  run  on  two  adjoining  sides  of  a  building  with 
separate  controlling  valve  for  each  side,  the  end  lines  should  be 
connected  together  with  check  valves  so  located  that  one  head 
around  the  corner  will  operate  when  valve  is  opened. 

Strainers  of  a  standard  type  should  be  installed  at  base  of  risers, 
or  in  connection  to  same.  Strainers  should  be  so  located  as  to  be 
easily   accessible   for   cleaning, 

83.  Pipe. — Galvanized  wrought  iron  (or  other  standard)  pipe 
should  be  used  for  the  equipment  as  far  back  as  'the  cast  iron  pipe. 
All  galvanizing  of  pipe  should  be  done  in  a  careful  and  thoroughly 
workmanlike  manner. 

Pipe  should  be  securely  supported  in  a  mawiBepd  t^ftU^p^^iC  to 
that  required  for  automatic  sprinklers. 


570  Fire  Prevention  and  Protection 

All  pipe  should  be  carefully  inspected  before  being  installed. 

84.  Valves. — ^Where  central  feed  risers  are  used  each  should  have 
a  controlling  valve.  Where  side  f^ed  risers  are  used  they  are  to 
be  connected  together  at  bottom  and  one  valve  so  located  as  to 
control  the  two  risers.  Valves  should  be  of  standard  type  as  re- 
quired for  automatic  sprinkler  systems.  Distinct  marking  of  each 
valve  by  letters  not  less  than  one-half  inch  high  is  required.  Riser 
valves  should  be  so  located  as  to  be  easily  accessible,  preferably 
in  first  story. 

85.  Drainage. — All  pipes  and  fittings  should  be  carefully  arranged 
and  pitched  so  as  to  thoroughly  drain  the  entire  system  as  far  back 
as  the  inside  riser  controlling  valve.  :Drip  pipes  should  be  not  less 
than  I  inch  in  size. 

86.  Location  and  Number  of  Sprinlders. — For  windows  not 
exceeding  five 'feet  wide- one  sprinkler  should  be  placed  at  center 
near  top,  so  located  that  the  water  discharge  therefrom  will  thor- 
oughly wet  the  upper  part  of  the  window,  and  by  running  down 
over  the  sash  and  glass  wet  to  the  greatest  extent  the  entire  window. 
Where  windows  are  over  five  feet  wide,  or  where  mullions  inter- 
fere, two  or  more  heads  should  be  used;  this,  together  with  size 
of  orifice,  should  be  determined  by  the  Inspection  Department 
having  jurisdiction,  it  being  understood  that  two  ^-inch  heads  are 
approximately  the  equivalent  of  one  ^-inch. 

For  windows  five  to  six  feet  wide  one  sprinkler  may  be  used  by  special 
consent  of  the  Inspection  Department  having  jurisdiction. 

87.  Water  Supply  and  Control. — Supply  to  open  sprinklers 
should  be  town  waterworks,  standpipe,  pump  or  steamer  connec- 
tion, but  never  pressure  or  gravity  tank  used  to  supply  automatic 
sprinklers,  except  that  such  gravity  tank  may  be  used  in  case  addi- 
tional capacity  is  provided. 

Where  water  supplies  feed  other  fire  protective  appliances,  such 
as  automatic  sprinklers  or  hydrants,  system  should  be  so  arranged 
that  there  is  no  danger  of  impairing  the  efficiency  of  such  other 
devices,  and  water  supply  should  be  of  sufficient  capacity  to  ade- 
'  quat/ely  feed  such  appliances  even  with  the  open  sprinklers  in  opera- 
tion. Supply  should  be  of  sufficient  capacity  to  feed  all  sprinklers 
designed  to  be  operated  at  one  time  and  maintain  not  less  than  10 
pounds  pressure  at  top  of  riser  for  a  length  of  time  depending  on 
conditions,  but  not  less  than  60  minutes.  Where  steamer  connec- 
tions are  used  they  shall  be  locateVi  so  as  to  be  safe  from  the  ex- 
posing fire,  as  in  the  rear  of  building  if  exposure  is  on  the  front. 
Where  other  water  supplies  are  used  and  it  is  desirable  or  neces- 
sary to  save  such  supplies  for  other  service  in  case  the  open  sprink- 
lers are  ineffectual,  locate  a  controlling  valve  or  valves  outside 
the  building  itself  and  accessible  as  regards  the  exposure  fire.  Such 
valves  may  be  located  in  properly  cut  off  valve  rooms  or  pits  by 
special  consent  of  the  Inspection  Department  having  jurisdiction. 
Underground  controlling  valves  should  be  in  approved  pits  with 
manhole  or  be  fitted  with  standard  post  indicators. 

88.  Sprinklers. — Only  such  types  of  window,  cornice,  side  wall 
or  ridge  pole  sprinklers  should  be  installed. as  have  been  standard- 
ized for  such  use. 

89.  Gauge  Connections. — Pliagged  outlets  for  gauge  connections 
should  be  provided  at  the  top  of  each  riiser  and  just  below  the  con- 
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trolling  valve  of  each  riser.  Such  outlets  should  be  piped  into  the 
building  for  the  purpose  of  conveniently  attaching  a  test  pressure 
gauge. 

Cornice,  Side  Wall  or  Ridge  Pole  Sprinklers 

(For  use  in  protecting  frame  buildings,  mansard  roofs,  etc.) 

go.  Location,  Size  of  Orifice  and  Number. — Where  one  line  only 
is  required,  as  for  the  mansard  roofs  of  a  brick  building  or  for 
low  frame  buildings,  the  heads  should  not  be  less  than  ^-inch 
orifice  and  not  over  eight  feet  apart  on  the  line.  Pipe  sizes  and 
arrangement  should  be  the  same  as  for  window  sprinklers.  Where 
the  number  of  sprinklers  and  water  supplies  admit,  it  may  be 
desirable  to  use  a  7/16-  or  J^-inch  orifice  with  pipe  sizes  not  less 
than  th^  following:  i  on  i-inch;  3  on  i^-inches,  5  on  i>^-inches, 
8  on  2-inches.  Where  frame  buildings  are  over  two  stories  high 
it  will  be  generally  necessary  to  have  two  or  more  horizontal  lines, 
preferably  one  line  at  each  of  the  upper  stories  beginning  at  the 
eaves  line,  the  heads  located  over  each  vertical  row  of  windows 
where  windows  are  not  over  eight  feet  center  to  center.  Size 
of  orifice  and  pipe  sizes  should  be  same  as  for  window  sprinklers 
except  by  special  consent  of  the  Inspection  Department  having 
jurisdiction.  The  value  of  open  sprinklers  for  frame  buildings  is 
much  enhanced  by  the  use  of  wood  shutters  at  all  window  openings. 

Section  M — Underground  Pipes  and  Fittings 

91.  Weights. — Should  not  be  less  than  those  specified  in  the  fol- 
lowing table,  where  the  normal  pressures  do  not  exceed  125  pounds. 
Where  the  normal  pressures  are  in  excess  of  125  ppunds  heavier 
piping  should  be  used: 

Weight  per  h. 
Pipe  Including  Sockets 

4  inches . . . .' \ 23.0  pounas 

6  inches 35.8  pounds 

8  inches 52.1   pounds 

I  o  inches 70.8  pounds 

12  inches 91.7  pounds 

14  inches 116.7  pounds 

16  inches '. i43-8  pounds 

Pipe  should  be  made  in  accordance  with  the  essential  features  of  the 
"  Standard  Specifications  for  Cast- Iron  Pipe  and  Special  Castings,'*  adopted 
by  the  American  Water  Works  Association,  May  12,  1908.:  The  inspector 
referred  to  in  the  Specifications  should  preferably  be  a  representative  of  an 
independent  inspection  bureau  making  a  business  of  examinations  and  tests 
of  pipe  of  this  character.  In  cases  where  the  amount  of  pipe  to  be  installed 
docs  not  warrant  the  expense  involved  in  a  special  examination,  a  certificate 
from  the  manufacturcir,  stating  that  the  pipe  has  been  made  and  tested  as 
required,  may  be  accepted  by  Insixjction  Department  having  jurisdiction,  to 
whom  the  matter  should  he  referred  in  advance  of  closing  the  contract. 

92.  Hydrant  Main. — No  4-inch  pipe  shall  be  used. 

93.  For  Pipes  Extending  to  a  Dead  End: — 

(a)  Allow  200  feet  6-inch  pipe  with  one  3-way  hydrant. 

(b)  Allow  500  feet  6-inch  pipe  with  one  2-way  hydrant. 
This  might  be  extended  in  speciz|l  cases. 

(c)  Allow  1,000  feet  8-inch  pipe  with  one  3-way  hydrant. 

(d)  Allow  500  feet  8-inch  pipe  with  one  4-way  hydrant  or  its 
equivalent  in  hose  streams. 

(e)  Allow  300  feet  8-inch  pipe  to  first  hydrant,  where  there  is  a 
hydrant  equivalent  of  6  streams.  Digitized  by  VjOOglC 
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(f)  Limit  for  Four  Streams^ — Whereas  the  above  limitations 
for  8-inch  pipe  are  low,  it  is  deemed  undesirable  to  have  over  4 
streams  on  a  dead  end,  and  the  loop  system  would  ordinarily  be 
employed  whete  it  is  intended  to  concentrate  over  4  streams  at  one 
point. 

(g)  Limit  for  Three  Streams. — Never  allow  more  than  three 
(3)   streams  on  6-inph  branch  pipe. 

94.  For  Loop  Systems: — 

(a)  For  Two  3- Way  Hydrants. — With  two  3-way  hydrants,  say 
250  feet  apa?rt,  allow  250  feet  6-inch  pipe  from  each  hydrant  toward 
source  (preferably  use  8-inch  pipe  with  3-way  hydrant  systems). 

(b)  For  Two  2-Way  Hydrants. — With  two  2-way  hydrants,  say 
250  feet  apart,  allow  500  feet  pipe  from  each  hydrant  toward  source. 

(c)  For  Three  2- Way  Hydrants. — With  three  2-way  hydrants, 
250  feet  apart,  allow  250  feet  6-inch  pipe  from  end  hydrants  toward 
source. 

(d)  For  Four  2-Way  Hydrants. — To  feed  four  2-way  hydrants, 
or  their  equivalent,  use  8-inch  main  feed  pipes  and  allow  500  feet 
of  8-inch  pipe  each  way  from  end  hydrant  to  water  supply,  rest 
of  pipe.  6-inch,  if  desired. 

(e)  For  Five  2- Way  Hydrants. — To  feed  five  2-way  hydrants 
or  their  equiyalent,  use  8-inch  main  feed  and  allow  250  feet  from 
end  hydrants  to  water  .supply. 

(f)  For  Over  Four  Streams. — Where  water  supplies  are  such 
that  over  four  streams  can  be  obtained,  loop,  pipes  should  never  be 
less  than  8-inch.  t         j  1  '         i       '  I 

(g)  For  Over  Six  Streams. — In  laying  out  a  loop  system  where 
it  is  intended  to  concentrate  4  to  6  streams  at  any  one  point,  an 
8-inch  loop  should  be  amply  sufficient  even 'if  it  is 'as  much  as  1,000 
feet  from  supply  to  point  of  concentration. 

(h)  For  Large  Number  of  Streams. — Under  conditions  where 
a  large  number  of  streams  can  be  concentrated  at  one  point,  it 
would  sometimes  be  desirable  to  use  lo-inch  or  12-inch  pipe. 

95.  Rules  for  Laying  Cast-iron  Mains. — Depth  of  Earth  Cover. 

—The  depth  of  covering  should  be  determined  by  the  Inspection 
Department  having  jurisdiction,  but  will  vary  from  2}/^  feet  in 
the  Southern  States  to  10  feet  in  the  northern  part  of  Canada. 
Depth  of  covering  should  be  measured  from  top  of  pipe  to  ground 
level.  In  a  loose,  gravelly  soil,  or  in  rock,  the  depth  should  be 
.  greater  than  in  compact,  clayey  soil.  A  safe  rule  to  follow  is  to 
bury  the  top  of  the  pipe  not  less  than  one  foot  below  the  lowest 
frost  line  for  the  locality.  As  there  is  normally  no  circulation  of 
water  in  private  fire  mains,  they  require  a  greater  covering  than 
the  public  mains. 

Placing  pipes  over  raceways  or  near  embankment  walls  should 
be  avoided  as  far  as  possible,  and  special  attention  given  to  pro- 
tection against  frost  where  it  is  necessary  to  so  locate  them. 

Where  mains  are  laid  in  raceways  or  shallow  streams,  care  should 
be  taken  that  there  will  be  a  sufficient  depth  of  running  water 
between  the  pipe  and  the  frost  line  during  all  seasotis  of  frost, 
and  a  safer  method  is  to  bury  the  main  under  the  bed  of  the  water- 
way not  less  than  one  foot.     Care  should  alsozebeyWte^fi>gi€keep 
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the  maitis  back  from  the  banks  a  sufficient  distance  to  avoid  any 
danger  of  freezing  through  the  side  of  the  bank  above  the  water 
line,  and  with  low  banks  mains  should  be  huried  below  the  frost 
line  where  entering  the  water. 

96.  Care  in  Laying. — Pipes  shouljd  be  clean  inside  when  put  in 
trenches,  and  open  ends  plugged  when  work  is  stopped,  to  prevent 
stones  rolling  inside. 

Pipes  should  bear  throughout  their  length,  and  not  be  supported 
by  the  bell  ends  only. 

Specials. — Specials  should  be  used  for  making  offsets  and  bends, 
and  reducers  for  changing  size  of  pipes,  as  thick  lead  joints  or 
joints  with  lead  mostly  on  one  side  are  liable  to  leak. 

Back  Filling. — Back  filling  should  be  well  tamped  under  and 
around  pipes  to  prevent  settlement  or  lateral  movement,  and  should 
contain  no  ashes,  cinders  or  other  corrosive  materials. 

Rocks  should  not  be  rolled  into  trenches  and  allowed  to  drop 
on  pipes. 

All  plugs  at  blanked  openings  and  all  bends  in  soft  ground 
should  either  be  strapped  or  secured  by  masses  of  concrete  a^ain^t 
the  ends  or  sides  of  trenches  to  avoid  any  possibility  of  joints 
blowing  apart. 

In  trenches  cut  through  rock,  back  filling  should  preferably  be 
entirely  of  earth,  but  earth  shall  be  used  under  and  around  pipe, 
and  for  at  least  2  feet  above  same.  If  soil  is  of  quicksand  it  may 
be  necessary  to  support  piping  on  piers.  Under  railroad  tracks, 
pipe  should  be  provided  with  special  supports  and  reinforcement 
at  joints.  Underground,  through  buildings,  flanged  cast-iron  pipe 
with  metallic  gaskets  or  other  standard  pipe  should  be  used. 

Mains  should  not  be  laid  under  piles  of  coal  or  other  material 
liable  to  make  the  ground  settle  and  cause  leaks. 

Steep  Inclines. — Down  steep  hills  mains  should  be  properly  an- 
chored. A  general  rule  is  to  anchor  the  pipe  at  the  bottom  of  the 
hill,  at  any  turns,  and  otherwise  on  straight  runs  about  every  forty- 
eight  f.eet.  The  anchoring  should  be  done  either  to  natural  rock 
or  by  means  of  brick  or  concrete  piers,  The  piers  should  be  built 
around  the  pipe,  or  an  iron  rod  not  less  than  ^  inch  in  diameter 
placed  around  the  pipe  and  the  ends  anchored  in  the  .piers.  Bell 
ends  should  be  uphill. 

Blow-oflF. — Where  feasible,  blow-off  should  be  provided  at  low 
point  of  underground  main,  and  it  is  also  advisable  where  an  under- 
ground main  crosses  water. 

Clamps. — 'Clamp  rods  where  used  for  strapping  pipe  should  pref- 
ably  run  from  the  bell  to  the  next  bell  or  fitting,  but  may  be  run 
to  clamps  on  pipe,  provided  clamps  are  not  less  than  1%  inches 
wide  and  not  less  than  ^  inch  thick.  For  8-inch  pipe  and  smaller, 
clamp  rods  should  not  be  less  than  %  inch  in  diameter;  for  larger 
pipe  not  less  than  ^  inch.  Clamps,  straps  or  rods  should  be  pro- 
tected against  corrosion  by  painting  with  tar,  asphaltum  or  by  other 
suitable  means. 

Leading  Joints. — ^Joints  should  be  carefully  leaded,  and  packing 
should  be  in  the  smallest  quantity  necessary  to  stop  the  lead.  Rings 
should  be  shrunk  on  ends  of  short  length  of  pipe  to  form  beads. 
These  are  very  essential  in  order  to  prevent  yarn  and  lead  from 
passing  into  pipe,  and  also  to  make  joint  hold.  Socket  joints  should 
not  be  located  in,  or  close  to,  foundations.  Digitized  by  V^OOglC 
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97.  Locating,  and  Setting  Hydrants. — Hydrants  should  be  of  a 
standard  type  (see  special  pamphlet  on  Valves,  Indicator  Posts 
and  Hydrants),  and  wherever  possible  placed  about  50  feet  from 
the  buildings  protected.  Where  it  is  impossible  to  place  them  at 
this  distance,  they  may  be  put  nearer,  provided  they  are  set  in 
locations  where  the  chance  of  injury  by  falling  walls  is  small,  and 
from  which  men  are  not  likely  to  be  driven  by  smoke  or  heat. 
Usually  in  crowded  mill  yards  they  can  be  placed  beside  low  build- 
ings, near  brick  stair  towers,  or  at  angles  formed  by  substantial 
brick  w-alls  which  are  not  likely  to  fall.  Hydrant  should  be  set 
on  flat  stone  and  about  half  a  barrel  of  small  stones  placed  about 
the  bottom  to  insure  quick  drainage  from  the  drip.  They  should 
not  be  placed  near  retaining  walls  where  there  is  danger  of  frost 
through  the  wall. 

Hydrants  should  be  fastened  to  pipe  by  strap  from  lugs  cast  on 
hydrant  or  other  means  acceptable  to  the  Inspection  Department 
having  jurisdiction. 

Where  soil  is  of  such  a  nature  that  the  hydrants  will  not  drain 
properly  under  the  above  arrangement,  the  hydrant  drain  should 
be  connected  to  a  sewer  or  ground  drain  by  not  less  than  a  2-inch 
cast-iron  pipe;  or  some  other  means  acceptable  to  the  Inspection 
Department  having  jurisdiction  should  be  provided  to  keep  the 
hydrant  barrels  clear  of  water.  ,. 

For  hose  house  and  equipment,  see  page  661. 

98.  Valves. — Every  connec^tion  from  a  yard  main  to  a  building 
should  be  provided  with  a  post  indicator  valve  of  a  standard  type, 
and  the  name  of  the  service  controlled  should  be  clearly  stencilled 
on  the  valve. 

When  surroundings  are  such  that  the  indicator  post  will  interfere 
with  the  passing  of  teams  or  cars,  the  best  practice  is  to  use  a 
valve  of  the  outside  screw  and  yoke  pattern  placed  in  a  pit  built 
in  accordance  with  the  National  Board  of  Fire  Underwriters*  Regu- 
lations. (See  special  pamphlet  on  Tanks.)  A  wrench  or  crow- 
foot with  long  handle  should  be  provided  for  each  valve,  and  kept 
in  the  pit  where  it  can  be  reached  from  the  yard  level.  The  Ideation 
of  the  valve  should  be  clearly  marked  on  neighboring  buildings, 
and  the  cover  of  the  pit  should  be  kept  at  all  times  free  from  dirt 
and  snow. 

Large  yard  systems  should  have  sectional  controlling  valves,  and 
a  valve  should  be  provided  on  each  bank  where  a  main  crosses 
water. 

99.  Testing. — All  piping  when  completed  should  be  tested  for  not 
less  than  two  hours  at  a  pressure  of  not  less  than  150  pounds,  and 
\i  the  normal  pressure  exceeds  100  pounds,  for  not  less  than  50 
pounds  in  excess  of  that  pressure. 

Where  feasible,  test  should  be  made  with  fire  pumps  running, 
and  every  hydrant  should  be  opened  and  closed  so  as  to  test  it,  and 
at  the  same  time  produce  some  water  hammer  on  the  piping,  as 
in  the  case  of  actual  fire.  The  system  should  also  be  thoroughly 
flushed  out  by  opening  the  various  hydrants  wide,  thus  drawing 
large  quantities  of  water  and  cleaning  out  small  stones,  sand  and 
other  obstructions  which  will  plug  play  pipes  and ,  sprinklers  if 
allowed  to  remain  until  the  time  of  fire.     Digitized  by  C^OOglC 
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Branches  to  the  inside  sprinkler  equipment  should  also  be  flushed 
out  before  connecting  the  sprinkler  riser. 

If  fire  pumps  are  not  available,  underground  piping  may  be  tested 
out  by  means  of  a  hand  pump. 

In  any.  event,  the  system  should  be  tested  under  water  pressure 
to  detect  leaks  which,  even  if  small,  when  running  continuously, 
cause  large  waste  of  water,  and  if  possibly  pressure  should  be  put 
on  the  pipes  before  the  joints  are  covered,  in  order  that  any  leaks 
may  be  readily  located.  Tests  should  be  made  by  contractor  in 
presence  of  inspector  of  the  Inspection  Department  having  juris- 
diction. 

"Editor's  Note. — See  Appendix  for  section  N,  rules  100  to  103, 
inclusive. 

FRICTION  LOSS  IN  PIPE  AND  FITTINGS 

Kind  and  ^ge  of  Pipe. — On  the  tables  on  pages  578  and  579  are 
given  the  friction  loss,  as  calculated  on  the  Hazen-William's  hydrau- 
lic slide  rule,  in  cast-iron  pipe  15  to  20  years  old  and  ordinary 
wrought-iron  pipe.  The  discharge  is  approximately  80  per  cent, 
of  these  figures  for  cast-iron  pipe  30  to  40  years  old  an'ci  old 
wrought-iron  pipe.  For  cast-iron  pipe  about  5  years  old,  smooth  new 
wrought-iron  and  ordinary  wood-stave  pipe  and  cement-lined  pipe, 
the  carrjring  capacity  is  about  20  per  cent,  greater  than  the  table  for 
the  same  friction  loss.  Ordinary  straight  brass,  lead,  gldss  and  tin 
pipe  has  a  capacity  about  30  per  cent,  greater  than  the  figures  given. 

Bends  and  Other  Fittings. — The  loss  of  head  at  bends  and  at 
enlargement  and  contraction  of  pipe  sizes  is  usually  figured  as  a 
function  of  the  velocity  head.  For  any  flow,  the  velocity  head  can 
be  obtained  by  the  formula — 

'  v.  h.=  --5S — 

888d* 

Where  v.  h.  equals  the  velocity  head  in  pounds,  q  equals  the 
quantity  in  gallons  per  minute,  and  d  equals  the  diameter  of  the 
pipe  in  inches. 

From  tests  made  by  Inspection  Department  of  the  Associated 
Factory  Mutual  Fire  Insurance  Companies: 

Long-turn  ells  give  a.  loss  equal  to  about  0.3  velocity  head  or  the 
same  friction  loss  as  4  feet  of  straight  pipe  of  the  same  size,  while 
short-turn  ells  have  a  loss  equivalent  to  i.o  velocity  head  or  9  feet 
of  pipe. 

Long-turn  tees  have  a  loss  equal  to  i.o  velocity  head  or  are  the 
equivalent  of  -9  feet  of  straight  pipe,  while  short-turn  tees  have  a 
loss  of  1.5  velocity  head  or  are  the  equivalent  of  17  feet. 

Six-inch  straight  way  check  valve  (Pratt  &  Cady  pattern)  is  the 
equivalent  of  ^o  feet  of  6-inch  pipe. 

Four-inch  Pratt  &  Cady  check  valve  is  the  equivalent  of  25  feet 

of  4-inch  pipe.  Digitized  by  VjOOQ IC 
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Six-inch  Grintiell  dry  pipe  valve  (old'  style  differential)  is  the 
equivalent  of  80  feet  of  6-inch  pipe. 

Six-inch  English  alami  check  is  the  equivalent  of  100  feet  of 
6-inch  pipe. 

Four-inch  Grinnell  dry  pipe  valve  (old  style  differential)  and 
4-inch  English  alarm  check  are  each  the  equivalent  of  47  feet  of 
4-inch  pipe. 

Tests  made  byjhe  National  Board  of  Fire  Underwriters  indicate 
a  loss  as  follows: 

Pressure  regulators  have  a  loss  of  about  10.  velocity  head  or  about 
that  due  to  150  feet  of  pipe. 

Globe  valves  show  about  the  Scime  loss  as  •  regulators. 

Angle  valves  have  a  loss  of  about  2  velocity  heads,  or  the  equiva- 
lent of  20  feet  of  pipe.  • 

APPROXIMATE  COST  OF  LAYING  CAST  IRON  PIPE 

Based  on  $30.00  per  ton  for  pipe,  macadam  at  $0.60  per  sq.  yd. 
and  block,'  brick,  wood,  etc.,  at  $2.00  per  sq.  yd.  Paving  figured 
2  feet  wider  than  trench. 

These  figures  will  not  pay  for  large  gates,  but  some  allowance  is 
made  for  specials. 

Hydrants  set,  including  connection,  $40.00. 


Diameter 
of  pipp, 
inches 

Wice 

per  foot. 

laid 

Repaying 
at  $0.60  per 
square  yard 

Repaying 
at  $2.00  per 
square  yard 

Cost  per  foot, 
macadam 
pavement 

Cost  per  foot. 

block,  brick 

or  asphalt 

pavement 

6 
8 

$0.80 
1.10 

$0.26 
0.26 

$0.88 
0.88 

$1.06 
1.36 

$1.68 
1.98 

10     . 
12 

1.40 
1.75 

0.26 
0.26 

0.88 
0.88 

1.66 
2.01 

2.28 
2.63 

16 
20 

2.50 
3.50 

0.29 
0.31 

0.96 
1.02 

'    2.79 
3.81 

3.46 
4.52 

24 
30 

4.50 
6.00 

0.33 
0.36 

1.10 
a. 22 

4.83 
6.36 

5.60 
7.22 

36 
42 

7.50 
9.50 

0.40 
0.43 

1.34 
1.44 

7.90 
9.93 

8.84 
10.94 

48 

12.00 

0.47 

1.56 

12.47 

13.56 
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FRICTION  LOSS  IN  ORDINARY  WROUGHT  IRON  AND 
CAST  IRON  PIPE 


Gallons 

Loss  IN  Pounds  per  tOO  Fbbt  op  Pipe 

Per 

minute 

Per  day 

r 

V 

1' 

w 

IJ' 

2' 

2r 

3' 

4' 

5* 

5 

7,200 

18 

4.5 

1.4 

0.4 

0.2 

0.1 

10 

14.400 

64 

16 

5.0 

1.3 

0.6 

0.2 

0.1 

15 

21,600 

135 

34 

11 

2.7 

1.3 

0.5 

0.2 

20 

28.800 

59. 

18. 

4.7 

2.2 

0.8 

0.3 

0.1 

25 

36,000 

89. 

27. 

..7.1 

3.4 

1.2 

0.4 

30 

43,200 

125. 

39. 

10. 

4.7 

1.7 

0.6 

0.2 

35 

50.400 

165. 

51. 

13. 

6.3 

2.2 

0.7 

0.3 

.    40 

57,600 

66. 

17. 

8.0 

2.9 

0.9 

0.4 

0.1 

45 

64,800 

82. 

21. 

10. 

3.6 

1.2 

0.5 

50 

72,000 

99. 

26. 

12. 

4.3 

1.4 

0.6 

60 

86.400 

140. 

38. 

17. 

6.1 

2.0 

0.8 

0.2 

70 

100,800 

49. 

23. 

8.0 

2.7 

1.1 

0.3 

80 

115,200 

63. 

29. 

10.3 

^  3.4 

1.5 

0.1 

90 

129.600 

78. 

36. 

13. 

4.3 

1.8 

0.4 

100 

144,000 

* 

96. 

44. 

15. 

5.1 

2.2 

0.5 

0.2 

125 

180,000 

144. 

66. 

24. 

7.8 

3.3 

0.8 

0.3 

150 

216,000 

200. 

93. 

33. 

11. 

4.6 

1.1 

0.4 

175 

252,000 

125. 

44. 

15. 

6.1 

1.5 

0.5 

200 

288,000 

158. 

56. 

19. 

7.8 

1.9 

0.6 

250 

360,000 

84. 

28. 

12. 

2.9 

1.0 

.    300 

432.000 

114. 

40. 

16. 

4.0 

1.3 

350 

504.000 

151. 

53. 

22. 

5.4 

1.8 

400 

576,000 

68. 

28. 

6.9 

2.3 

4to 

648.000 

! 

84. 

35. 

8.6 

2.9 

500 

720,000 

102. 

42. 

10. 

3.5 

1,000 

1,440,000 

154. 

37. 

13. 

2.000 

2,160.000 

V 

135. 

,44. 
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FRICTION  LOSS  IN  ORDINARY  WROUGHT  IRON  AND 
CAST  IRON  PIPE— Continued 


Gallons 

Loss  IN  Pounds  per  1,000  Feet  of  Pipe 

Per 
minute 

Per  day 

6' 

8* 

10" 

12' 

14* 

16' 

18' 

20' 

24' 

25 

36,000 

0.1 

50 

72,000 

0.2 

0.1 

100 

144.000 

0.8 

0.2 

0.1 

200 

288,000 

2.7 

0.7 

0.2 

0.1 

300 

432,000 

5.8 

1.4 

0.4 

0,2 

0,1 

400 

576,000 

9.9 

2.4 

0.7 

.03 

0.1 

500 

720,000 

15. 

3.6 

1.2 

0.5 

0.2 

0.2 

0.1 

1,000 

1,440,000 

52. 

13. 

4.3 

1.8 

0.8 

0.5 

0.2 

0.1 

1,500 

2,160,000 

HI. 

27. 

9.1 

3.8 

1.7 

0.9 

0.5 

0.3 

0.1 

2.000 

2,880,000 

190. 

47. 

16. 

6.5 

2.9 

1.6 

0.9 

0.5 

0.2 

2,500 

3,600,000 

287. 

71. 

24. 

10. 

4.4 

2.4 

1.4 

0.8 

0.3 

3,000 

4,320,000 

99. 

33. 

14. 

6.6 

3.4 

1.9 

■1-1 

0.5 

3.50Q 

5,040,000 

132. 

44. 

18. 

8.2 

4.5 

2.5 

1.5 

0.6 

4,000 

5,760,000 

166. 

56. 

23. 

11. 

5.8 

3.3 

1.9 

.0.8 

4,600 

6,480,000 

208. 

70. 

29. 

14. 

7.2 

4.1 

,2.4 

1.0 

5,000 

7,200,000 

252. 

86. 

33. 

17. 

8.8 

4.9 

2.9 

1.2 

Table  showmij  Eijuivoiant  volues  of 

F.p^ 

CapacitM 

Shi,  A4lfr 

.5 

S»I.J    CslOO 

Diameter  of  Pipe    In    inches 

8 

?c 

Quan^ihi 

Vel. 

4 

6 

8 

10 

12 

14 

16 

20 

24 

30 

36 

42 

48 

54 

^0 

66 

ZZ 

59.40<%ooc 

387 

I5W 

530 

257 

«43 

664 

591 

41.5 

23.1 

14.3 

7.95 

494 

3.28 

2.31 

I.70 

1.29 

1. 

66 

60 

46;tcopoo 

3.64 

1239 

428 

200 

II  1.2 

69.  o 

45.9 

32.3 

18.0 

11.12 

6.19 

3.84 

255 

1.80 

132 

1 

bO 

54 

JSiOocpot 

3At 

9»« 

324 

ISIS 

844 

M.3 

J4« 

24.5 

I3.& 

84^ 

469 

2  91 

194 

136 

I 

M 

46 

25,7oqo<K 

3.17 

689 

238 

1112 

^1.9 

39.4 

23.6 

l8o 

ICO 

6.19 

3.44 

2»4 

1.42 

• 

46 

42 

18,100.000 

291 

4f6 

I67« 

78.4 

434 

27.0 

»8.o 

»?7 

704 

436 

242 

ISO 

1 

42 

36 

\Z,o3(iooo 

264 

321 

III.X 

S2.a 

29.0 

18.0 

txo 

8>« 

4.6« 

290 

»6t 

1. 

3h 

30 

7.47o^ooe 

2.95 

Zoo 

69.1 

32/4 

I8.0 

11.13 

743 

S22 

291 

I.80 

1 

30 

24 

4,I50.aoc 

204 

II  1.2 

aM 

».o 

10.0 

619 

4 13 

290 

1.61 

1. 

24 

20 

2.57<V>«o 

182 

6«9 

2J4 

lUZ 

6.19 

3.84 

2.86 

tjo 

1. 

to 

16 

I>30,«00 

19 

5t4 

18.3 

6.14 

a4J 

2.t4 

1.42 

1. 

. 

16 

-14 

1,005,000 

145 

26.5 

9.» 

43S 

242 

\SO 

1 

1 

14 

12 

67o,««o 

1.32 

18.0 

6.21 

2.9< 

Ul 

1 

l^ 

10 

4iS.aoo 

I.«f 

M.I2 

ifi 

1.80 

1 

10 

6 

« 1,000 

102 

6rl« 

2:14 

1 

1 

8 

6 

lOf.COO 

ss 

29t 

1 

1 

4, 

37.000 

A6 

1. 

,__ 

___ 

„^__ 

1 

1  4| 
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automatic  sprinkler  illustrations 

Oh  the  following  pages  will  be  found  illustrations  of  more  than  too  auto- 
matic sprinkler  heads  of-  different  varieties.  Many  of  these  are  of  obsolete 
designs,  and ,  are  not  now  manufactured,  and  for  that  reason  are  likely  to 
puzzle  the  average  inspector  when  he  meets  them  in  his'  rounds.  These  illus- 
trations should  aid  in  the  identification  of  practically  all  sprinlder  heads 
which  are  in  use,  whether  installed  recently  or  in  the  earlier  years  of  this 
form  of  protection,  and  will  doubtless  render  valuable  :assistance  to  inspectors 
and,  surveyors,  and  also  to  property  owners  desirous  of  describing  the  equip- 
ment of  their  premises. 

The  index  presented  below  will  enable  the  render  to  readily  find  the  picture 
of  any  desired  type  of  sprinkler,  while  the  titles  (referred  to  by. .number) 
given  at  the  bottoms  of  pages,  will  identify  by  name  any  selected  illiistration. 

s 

INDEX  TO  SPRINKLER  ILLUSTRATION^ S  - 

Babcock;    1900    , , 75 

Barnes;  perforated   .'. •. I - 58 

Barnes;  lever  and  link;   18^80    ,.  '. 59 

Bjshop;  old    water   joint;    1881 .    6 

Bishop;     1885     , 80 

Bishop;    1888 78 

Bishop;  old  water  joint;  open 7 

Bishop;   later  water  joint *. .       K 

Brown;  No.   i;    1881    ,. . 20 

Brown ;   No.   i ;  open    i 21 

Brown ;  No.  2 ;  1883   : ►.*..'.;  22 

Buell ;   old    ....  * , -^54 

Buell;    1873    •    • . > -  82 

Buell;  later;   1^82    .-. ; \  $$ 

Buell;    1884    I ^.  .^  83 

Buell;    1884    , 76 

Buell;    1885    , '^  79 

Buell;    1892 ; ,...    77 

Burritt;    perforated;    1877 i 

Burritt;    water   joint   deflector;    1881    '.....: v  .  ,  .  .        3 

Burritt;    1883 L 84 

Burritt ;    water   joint    ■ ' 2 

Clapp;    1887     ? /. , -  86 

Clapp;    1891    ,  .  .' ,...  I 70 

Dralper     ..,,.. \ ,60 

Draper    Differential    T 85 

Esty ;    older    73 

Esty ;  ,1896   , 74 

Ev^ns ;    1902 : 110 

Gleason , 62 

Gray;   old;   long  nipple    i 16 

Gray;  old;  long  nii)ple;  open    ". 17 

Gray;   old;   short  nipple    j 18 

Gray;   new;    1891 , ; ; 19 

Grinnell;    old;    pendant;    wide  seat   rings;    lead   discs;    1882;  to    1884-;   tin; 
1884  to  1886;  narrow  seat  rings,  tin;  1886  to  1888;  babbitt  metal,  from 

April,    j888    , 23 

Grinnell ;    old;    pendant ;    open    24 

Grinnell;   old;   upright;    1883 25 

Grinnell;   new;   Qct.   2,    1890    26 

Grinnell;  open;  eaves 27 

Guiin 63 

Harkness;   old;    1885 56 

Harkness;    later;    1891    .v 57 

Harris;    1883    1 •• ' 15 

Hibbard ;    1894 r . 69 

Hin;  older;    1883    : • 71 

Hill;    later;    1887    72 

Hobedale     > 33 

Independent 109 

Tahn;    1891 88 

John   Kane;    1881    89 

J  ohn   Kane ;    1900 : 91 

Kane    Eclipse     41 

Kane    Eclipse;    open    : (.  ..r^^r^rf\^c*  •  •     4* 

Kane;    old    Digitized  by  VjOOg.lTe  , ,     J3 


Automatic  Sprinklers  583 

No. 

Kane;    new .'  44 

Kane;    universal    45 

Kersteter;  older;    1887    ;  64 

Kersteter;   later   .'  65 

Kersteter;    1888    \  87 

Kersteter;    1898 90 

McL^uthlin ;    1894    i  loa 

Mackey;    1883 ;  99 

Mackey;    box;    1884    '.  46 

Mackey;    disc 47 

Mackev;    later  pendant;    1888 48 

Mannfacturers ;   fiat  screw;   pendant;    1892    i  49 

Mannfacturers;   round  screw;   pendant;    1894  '. \'  50 

Manufacturers ;    mutual ,  51 

Manufacturers;  yoke;  upright;    1894 5^ 

Manufacturers ;    duck   bill ;    upright    * i  53 

Naglc;    1886    61 

Nagle;    1891 92 

Naylor;    1805    i-  .  93 

Neracher ;   fawn ;    1882 28 

Neracher;  yoke  link;    1883 i  29 

Neracher;  side  links;    1884    ,.  .4 30 

Neracher;   rogular;   older;    1888   . , . . .  \, 31 

Neracher;   regular;   later 32 

Newton;     1892     ^ * 68 

New.  York  &  New  Haven;  thimble;   1883 9 

New  York  &  New  Haven ;  link   10 

New  York  &  New  Haven;  link;  open   * ».  . . .  11 

New  York  &  New  Haven;  older;  elbow;   1888   12 

New  York  &  New  Haven;   later;  elbow    13 

New  York  &  New  Haven ;  later;  elbow;  open 14 

New  York  &  New  Haven ;   elbow    81 

New  York  &  New  Haven ;   vertical    107 

Parmalee;    1878    4 

Parmalee ;   open    • S 

Pierqe ;    older    66 

Pierce ;   later;    1892   67 

RutHenburg;    1885 98 

Shaffer  Mascot;    1887    1 102 

Star;    1886    ; 108 

Swaa ;    1895    • •' 94 

Talcott;    1882    '. 96 

Up  to  Date;    1899 ^ 97 

Walworth;    old;   pendant;    1883    . . .' .' •.  34 

Walworth ;  old ;  pendant ;  open   35 

Walworth ;    old;    upright    36 

Walworth ;  old;  uprignt ;  open   ^ 1 37 

Walworth;    new;    upright;    turbine    , 38 

Walworth;  new;  upright;  turbine;  open    ....,, 39 

Walworth;    new;    disc , 40 

Walworth ;   with   soldered   arm ,  95 

Walworth;    1898    / 100 

Walworth;   upright;  closed 103 

Walworth ;   upright ;   open ,  104 

Walworth;   pendant;    closed 105 

Walworth ;   pendant;   open    ; 106 
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I — Burrltt;  perforated,  1877.  2 — Burritt;  water  joint.  3 — Bur- 
ritt;  water  joint;  deflector;  1881.  4 — Parmalee;  1878.  5 — Parma- 
lee;  open.  6 — Bishop;  old  water  joint;  188 1.  7 — Bishop;  old  water 
joint;  open.  8 — Bishop;  later  water  joint.  9 — New  York  &  New 
Haven;  thimble;  1883.  10 — New  York  &  New  Haven;  link.  11 — 
New  York  &   New  Haven;  link;  open.  , 
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'•t»^Nfhitr  York;  &  New  Haven;  older^,  elbow  J  1888.  la^^^ew  York 
&  New  Haven;  fater^  elbow.  14 — Nfew  York  &  New  Haven ; 'later; 
elbow;  open.  IS — Harris;  1883.  16— ^Grriy;  old;  Jong  niftiile;  t8S6. 
i:^'«^<jray;  bid;  long  nipple;  open.  i8-^Gtay;  old;  sht>rt  nipple,  ipr- 
Gray;'new;   1891.     20 — Brown;  No-   i;   t88i. 
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2j-r-Brown;,No.  i;  open.*  22-^Bi;own;  No.  .2;  1883.  ^3 — Gritfncll; 
old;  pendant;  wide  seat  jrings;  lead  cjiscs,,  1882  to  1884;  tio»-^884  to 
i884;  narrow  seat  rings,  tin,  1886  to  1888;  babbitt  metal,  from  April, 
1888.  24;^HGrinnell;  ola;  pendant;  open.  25 — Grinnell;  did;  upcight; 
1883.  26 — Grinnell;  new;  Oct.  2,  1890.  27— Grinnell;  open;  eaves. 
28 — Neracher;   lawn;    1882.     29 — Neracher,  yoke  link; 
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30 — Neracher;  side  links;  1884.  31 — Neracher;  regular;  older; 
1888.  3a — Ner^icher;  reguUr;  later.  33 — Hopedale.  34-;- Walworth ; 
old;  pendant;  1883.  3.5 — Walworth;  pld;  pendant;  open.  367— Wia^- 
worth ;> old,;  upright.  37 — Walworth;  old;  upright;  open.  38^ — Wal- 
worth;  new;   upright;  turbine. 
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3g( — WadNvoi^th ;  new;  tiprigljt;  turbine;  ofrett.    40 — Walworth;  new; 
dfec.     4i^Kane  EcUf)se.     42-T-Kane  Eclipse;  open.     43— Kane;  old. 
,       44 — Kane;    new.      45 — ^Kane;    universal.     46 — vMackey;    box;    1884. 
47 — Mackey;  disc.  '  ' 
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48 — ^M«ckey;  later  pcndarttr  i888r    49 — Manufacturers;  flat  screw; 


pendant;  1892.  50 — Manufacturers*  round  screw;  pendaift;  1894. 
5  J — Manufacturers;  mutual.  52 — Manufacturers;  yoke;  upright; 
1894.  53^^Manufacturers;  duck  bill;  upright.  54 — Buell;  old.  55 — 
Buell;   later;    1882.     56 — Harkness;  old;    1885. 
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57 — Harkncss;  later;  1691.  58 — Barnes;  perforatecl.  5,9 — Barnes; 
lever  and  lipk;  1880.  60 — Draper.  6} — Nagle;  1886.  62 — Gleason. 
63 — Gunn.     64 — Kersteter;   plder;    iSSji,     65;— Kersteter;  later. 
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66 — Pierce;  older.  67 — Pierce;  later;  1892.  68 — Newton;  1892. 
69; — Hibbard;  1894.  70 — Clapp;  1891.  71 — Hill;  older;  1883.  t2 — 
Hill;   later;    1887.      ^^3 — Esty;   older.      74 — Esty;    1896. 
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75 — Babcock;  1900.  ,  76 — T?uell;  1884.,  ^^ — Buell;  1892.,  78— 
Bishop;  1888.  79— Buell;  18:85.  80— Biphop;  1885.  81— New  York 
&  New  Haven;  elbow.     82 — B'uell;   1873.     83 — Buell;   1884. 
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Ri— Burritt;  1883.  85-— Draper  Differential.  86 — Clapp;  1887. 
87-^Kersteter;  1888.  88 — Jahn;  1891.  89— John  Kane;  1881.  90 
— Kersteter;   1898.     91 — ^John  Kane;    1900.     92 — Nagle;    1891. 
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93 — Naylor;  1895.  94 — Swan;  1895.  95 — Walworth,  with  soldered 
arm.  96 — Talcqtt;  .1882.  97 — Up  to  D»te;  1899.  98 — Rutbenburff; 
1885.  ,99 — Mackey;  1883.  100 — Walworth;  1898.  joi — McLautn- 
lin;  1894.  I 
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105  104 


106 


i02'W&hafIer  Mascot;   1887.     103 — Walworth;  upright;  clos^'d. 
-WalSSrorth;  tlpright;   open.      105 — Walworth;   pendaAt;   cl<iised. 
-Walworth;   pendant;   open.      107 — New  York  &  New  Haven;  verti 
9 — Independent. 


caK      108 — Star;'  1886.      109- 


o — Evans;  ,1,909. 

Digitized  by  VjOOQLC 


5<^ 


Fire  Prevention  and  Protection 


Grinnell   Improved   1903   Sprinklers 

(Glass  teealed) 

General   Fij-e   Extinguisher   Ctt. 


Evans,  Issue  B; 
Merchants  and  Evans  Co. 


Crowder,  Issue  A. 
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Manufa<Jturers,   Issue  C. 
Automatic  Sprinkler  Co.  oif^Arberica 


Associated,  Issue   B. 
Associated  Automatic  Sprinkler  Co. 


Niagara,  Issue  £. 
AutQmatic  Sprinkler  Co.  of  America 


International,  Issue  13. 
Internati|^n|J  by%k*i5gl^- 


FIRE  PUMPS  .  ,. 

Uniform  specifications  for  Fire  Pumps  are  npwij^ed  throughout 
the  whole  country,  having  been  agreed  upon'  tjp  joint  nronference 
by  representatives  of  the  diflferent  organizations  interested  in  this 
class  of  work.  They  are  known  as  "  The  National  Standard  "  and 
have  been,  up  to  this  time,  adopted  by  the  following  Assd^ations: 

Associated  Factory  Mutual  Fire  Ins.  Go's.  ^      .  ^         • 

National  Board  of  Fire  Underwriters. 

National  Fire  Protection  Association. 

These  specifications  are  followed  by  all  the  "feadingMnanufac- 
turers;  a  few  makes  of  pumps  have  been  examined  an^  listed  by 
the  Underwriters*  Laboratories  as  complying  with  the  specifica- 
tions, but  in  general,  manufacturers  have  not  submitted  their 
products  for  examination  and  underwriting  organizations  are 
accepting  of  any  reliable  maker  the  pump  catalogued  as  an  "Un- 
derwriters' Fire  Pump." 

The  principal  points  of  difference  between  a  fire  pump  and  the 
ordinary  commercial  pump  are: 


ROTARY  FIRE  PUMP 

(a)  The  water  passages  are  made  larger  than  in  most  pomps  hitherto  built, 
so  that  there  is  less  loss  of  pressure  in  getting  water  to  and  from  the  pump. 

(b)  The  pump  is  "  rust-proofed  **  so  that  it  may  start  instantly  after  disuse. 


5  B««k«t  Cam* 

Reproduced  by  permission  Nat'l  Bd.  of  Fire  l[^d> 
Fig.  88.— Rotary  Pumps 
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by  making  its  workfi^  {0ai^s  tiitli  Water  ea^iit^.'^f  spH4^  co^i^sition  instead  of 
cast  iroQi  .  . 

(c).The  shafts  are  made  heavier  and  the  bearing^  morCi  JUberaJ,_  >vith  special 
arrangements  for  keeping  these  bearings  oiled  and  in  readiness  for  inst^^t  Mse;. 

(d)  A  single  pair  of , forged  steel  gears  is, supported  on.eacl^  side.  These  are 
accurately  cut  and  run^  in  pil. 


Reproduced  by  permisaion  Nat'l  Bd.  of  Fire  Und's. 
Fig.  89  ; 


(e)  A  special  discharge  casting' and  air  chamber  with  certain  fittings  i§  fur- 
nished with  each  pump.  These  fittings  include  a  pressure  gauge,  a  relief  valve 
and  cone,  a  priming  pipe  and  valve,  a  starting  valve,  two,  to  sjx,  hose  Valves, 
and  a  capacity  plate.  Digitized  by  vjOOQ IC 
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STEAM  DUPI>EX  FIRE  PUMP 

1.  Its  steam  ports  and  water  passages  and  air  chamber  are  mad)t  much 
larger  than  in  common  tradfe  puttips,  so  that  a  larger  voliime '  of  wktier  can 
be  delivered  in  an  eiiiergeticy  Without  water  hamttier.       * 

2.  It  is  "rust  proofed  **•' that' it  may  start  iristahtly'dftet  disuse,  "by  making 
its  piston  rods  and  valve  rods  of  Tobin  bronze,  'instead-' of'  iteel;  its  water 
pistons,  stuffing  boxes  and  rock-shaft  bearings  of  brass,  instead  of  cast-iron. 
Its  valve  levers  are  made  of  steel  or  wrought-iron  forgings,  or  of  steel 
castings. 

3.  The  following  necessary  attachments  are  all  included  in  the  price  of  the 
"  National  Standard  Pump,"  viz.-:— |-a  vacuutn  chamber,,  two*  pressure  gauges, 
a  relief  -vaive,  a  set  of  brass  priming  pipes,  2  to  6,  hose  jValves,  a  stroke 
gauge,  a 'capacity  plate,  an  oil  pump,  a  sight  feed  hioiticfii&ti  and  a  cast|-iron 
relief- valve  discharge-coiie.         >.      >'  ..     '  1    * 

By  reason  of  th#  larger  p<xrts,.  -  passageways;. .  an4'  pi^s  iW  Wgier  -oum 
of  valves,  and  the  /added  attachments,  and '  general  ''sUpe|ior  constrtfdtion  a 
"  National  Standarcl "  pump  costs '  more  than'  a  common  trad^  fire ;  pump|  but 
the  cost  per  gallon  which  these  pWi^ps  can  delivef  in  an  emei^gency  oy  reason 
of  their  large  passageways,  etc.,  jis  no  .greater  than  for  the  bid  style  of  fire 
pump  and  is  well  worth  this  extija  cost;  ) 


NATIONAL  SiTANDARD  PUMP  SIZI 
Steam  Duplex  Putnps         <  !  j 

^ 

Pump  Sizes 

Ratio  of 
Piston 
Areas 

1 — ' '—I 

Capacity^  at  100  Lbs., 
:  at  Pump  , 

giiiler 
Power 

Required 

Full  Speed 

§ 

s 

1 

1 

4 

'II 

si 

II 

II 

About 

1^ 
^1 

14    X    7    xl2 
12    X*  fix  12 

4tol 

1 

TwoJ 

5<M^ 

483, 
'  520 

,100 

1  ' ' 

40, 

70 

140 

16    X    9    X  12 

3tol 

Three 

75a 

.1 
115 

45 

70 

\   140 

18    X  10'  X  12 
18^  X  lO^i  X  12 

3  to  J 

B'our 

lOQO 

.1050 

ISO 

'v45 

7a- 

/ 
140 

20    X  12    X  16 

2itol 

Six  1  ■  • ' 

1500 

1655 

200 

SO 

60     1 

160 

ROTARY  FIRE  PUMPS  *»**         • 

I  .  u  • 

Approximate 

Nominal' 

Approximate 
Width  of 

Approximate 
Distance.  ■ 

Approximate 

Number  of 

Horse  Power 

Gallons  per 

U-inch 

Required 
for  100  Lbs. 

Minute 

Buckets 

Between 

kevolutions 

Streams 

Centers 

per  Minute 

Pressure* 

Inches    . 

Inches 

500 

■"8 

7or    8   • 

127S 

2 

^ 

750 

9  or  10. 

8  or'  9 

275 

3 

90 

1000 

10 

,,     9orlQ 

250 

4 

^ 

1500 

12 

10  0^12 

250 

6 

*  Somewhat  less  horse  power  will  drive  the  pump  when  spur  gears  "are  used 
and  conditions  are  favorable. 
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CENTRIFUGAL  FIRE  PUMPS 

Centrifugal  pumps  are  those  in  which  the  water  is,  given  a  high  velocity 
by.  revolving  impellcrsi  The  velocity  of  the  water  on  leaving  the  .impeller 
is   reduced   by   suitably,  arranged  passages  and  appears  as  pressure.      Higher 


fti.   '      —•HI' 


Reproduced  by  pennMsion  Nat'l.Bd^  of.  Fire  Und^s. 
Fig.  90 


pressures  may  be  secured  by  increasing  the  speed  or  by  arrangin.i;  two  or 
more  impellers  in  series.  To  avoid  excessively  high  speeds  the  latter  method 
is   usually   employed,   forming  the   multi-stage   pump. 

It    is    the    intent    of    these    specifications    to    prescribe  |  limits  .within    which 
manufacturers    may    work    to    secure    a    pump    comparabl^^^iit^y  VelrabiH^I^Nand 
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efficiency  with  the  prfs^t  steam  o^  Tot«FY,'pVfnp»  :  High  ^  eficiencies,  however 
desirable,  should  not  be  secured  at  the  expense  of  simplicity  and  reliability 
under  average  fire-'Service  conditions. 

AHhough  by  these  specifications  •  it  is  expected  to  secure  centrifugal 
pimips  ■  satisfactory  for  fire  purposes,  it  is  reeognited  that  the  art  is  in  a 
progressive  state,  and  experience  may  subsequently  show  some  modifications 
from  these  requirements* to  be  desirable.  In  the  meantime,  however,  it  is 
expected  that  manufatturers  will  confortd  to  the  specifications  as  herein 
printed.  ' 

Centrifugal  punips  should  ttot  b^  accepted  until  the  conditions  in  each 
case  have  been  examined  a^d  the  suitability  of  such  a  pump  has  been 
determined. 

The  centrifugal  pump  lis  well  adapted  for  driving  tiy  an  electric  motor 
or  by  a  steam  turbine,-  a$  the  >  speed  o^'the  pump^  aiulthe  prime  mover  may 
readily  be  made  ^e  dan^e,  thiis,  permitting  direct  connection.  Whether  or 
not  the  motor  driv^  may  ,be  accepted  in  any  case  is  largely  a  question  of  the 
reliability  of  the  electric  curretit  driving  the  motor  in  the  event  of  a  fire  in 
the  property  itself,  ojr  >n  adjoining  buildings  which  might  threaten  the 
property.  To  ms^l^e  a  motor-driven  pump  acceptable,  the  electric  power 
supply  should  be  as  reliable  a^  the  steam  supply  in  the  average  property  for 
the  ordinary  steam  fir^  jiump.  Each  case  must,  therefore,  be  specially  con- 
sidered and  decided  upon  its  merits.  Other  methods  of  driving,  where  reliable, 
will  be  acceptable. 

Type. — (a)  Either  the  horizontal-shaft  or  the  veriical-shaft  type  may  be  used. 

(b)  If  the  vertical-shaft  type  be  used,  some  form  of  thrust  bearing  must 
be  provided  to  take  the  weight  of  the  impeller  and  its  shaft,  and  a  separate 
thrust  bearing  provided  fpr  taking  the  weight  of  the  driving  shaft.  Means 
must  be  provided  to  adjust  each  thrust  bearing  independently  of  the   other. 

It  is  probable  that  the  horizontal  type  wi|l  be  the  less  expensive  and  for 
many  situations,  will  be  preferabW*  There  'are  likely  to  be,  however,  situa- 
tions for  which  the  vertfkal-sliaft  type  will  ;be  better  suited,  such  as  a  very 
high  suction  lift,  or  wheiie  it  is  not  expedient,  by  reason  of  dirt  and  damp- 
ness, to  place  the  mo^or;  or  other  prime  mover  at  the  same  level  aa  the 
pump.  In  such  c^es, '  by  placing  the  pump  down  within  easy  reach  of  the 
water  and  extending  tjie  shaft  to  a  highet  level  where  the  motor  can  be 
connected  and  better  ciared  for,  the  outfit  can  then  be  made  comparable  in 
reliability  to  the  horiz4>ntal  type  at  low  lifts.  Such  an  arrangement  would 
call  for  the  two  ^rusk  bearings  above  mentioned,  independently  adjustable 
to   take   the   weight   of  •  the    revolving   parts. 

Stages. — The  pump  must  be  pi  not  less  thlin  two  stages  and  not  more  than 
four.  j  .  !   . 

To  obtain  a  fire  pressure  of;  loo  pounds  two  stages  at  least  appear  to  be 
necessary,  in  order.,  to  avoid  v^ry  large  impellers  and  to  secure  a  reasonably 
good  eflficiency. 

It    is    also    recognized    that   (here   are  advantag|es    in    the    four-stage    pump, 

Permitting  of  lower  speeds;  and  in  som^  makes  they  admit  of  a  more  perfect 
alancing  of  end  thrusts  without  the  added  complication  of  balancing  -pistons 
and  thrust  bearings.  The  four-stage  pump  being  of  smaller  diameter,  also 
permits  of  a  stronger  design  of  casting.  One  stage  pump  may  be  satis- 
iFactory  when  driven  by  steam  turbines. 

Whether  one,  two,  three,  or  four  stages  are  adopted,  the  utmost  simplicity 
and  ruggedness  of  design;'  together  with  the  avoidance  bf  all  dispensable  com- 
plications,   will   be    required. 

Capacity  and  Speed. — (a)  The  four  standard  sizes  for  centrifugal  pumps 
will   be   as   follows: 

Size  of  Pump 
Gals,  per  Mm.  No.  1|' Stream^ 

750  .3 
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•  <b)  Tlie  speed  ci  pump  must . not  exceed  i.Soofevoliilions  per  miaiitQ.  < 

Centrifugal  pumps  <  will  .be  most,  frequently  driven  b^  ekctric  motors,  and 
it  is  desirstbk  to  bring  their  speeds  ji^to  cox^formity  ynth  the  larger  number 
of   standard   motbrs  now   oeing  built. 

Somewhat  higher  speeds,  not  to  exceed  2,500  r.  p.  m.,  may  be  allowed 
for  pumps  driven  by  steam  turbines.  But  in  such  cases  permission  should 
be   obtained  .  from   the   inspection   department   having  jurisdiction. 

Steam  turbines  must  be  capable  of  driving  pump  at  rated  speed  and 
pressure,  with  steam  pressures  varying  from  75   to   150  pounds. 

Kfficiency  and  Power. — The  pump  must  be  able  to  discharge  its  full 
rated  capacity  at  its  rated  speed  against'  100  lbs.  pressure,  with  substantially 
a  zero  suction-  lift,  and  at  an  efficiency  not  less  thfkn  as  given  in  the  table 
following: 

Size  of  Pump  Per  Cen|t  Efficiency 
500  gallons,  per  minute  50  to  55 

750       '.      ;    "         "  ,5Sta6Cl  / 

'     .  l.dOO      "        "        "  }6Q  toies 

1,500       "         ••         "  65  to  70 

The  efficiency  of  centrifugal  pumps  falls  away  rapidly  on  the  small  sizes. 
These  efficiencies  are  required,  not  because  the  cost  of  the  power  used 
during  the  'fire  is  of  importance,  but  because  a  much  lower  efficiency  would 
mean  a  larger  motor^  consequently  more  Arst  'cost,  .  and,  w)iett  running,  a 
larger    tax   on    transmission    lines   and   power   stations. 

The  power  required  to  drive  these  four  different  sizes  of  pumps  at  their 
full  rated  capacity,  based  on  the  required  efficiencies,  will  be  about  as  follows: 

.,.,   ^x^  of  Pump  Efficiencies  Horse  Powier  Required 

500  gallons  per  minute  50  to  55  64  to   60 

750       '•  "         "  55  to  60  88  to    80 

1,000       "         "         "  60  to  65  107  to  100 

1,500       "         "         "  65  to  70  148  to  138 

Tl^  theoretical  power  required  to .  discharge  250  gallons  a  min#3te  at  a 
pressure  ,of  100  lbs.  an4  with  a  zero  suction  lift,  is  14.6  horse  power.  For 
a  pump  of  60  per  cent  efficiency  this  would  mean  that  an  input  to  pump 
of  about  as  horso  power  woi^ld  be  needed  per  250  gallons  per  minute  delivery 
at  100  Ibis,  pressure.  Fo^  efficiencies  other  than  this  or  for  any  material 
suction  lift  or  head,  some  modification  in  horse  power  required  will  be 
demanded.  *  In  anv  event  the  power  provided  should  be  sufficient  to  guard 
against  an^  apprediable  overload  of  the  ,motor  at  th6  rated  ,  discharge  in 
pressure.      . 

Charact^istic  Curves.— (a)  The  design  of  the  impeller  blades  must  be 
such  that  ift  ivill  not  be  possible  to  overload  the  driving  motor  more  than 
25   per  cent,    i 

Electric  mojtors  ordinarily  will  be  used  for  driving  pumps  of  this  type. 
It  is  Impottapt .  to;  have  the  pump  so  designed  that  the  motor  could  not 
be  burned  but;,  either  by  Shutting  off  streams  or  by  connecting  more  streams 
than  the  rafted  cfipdcity  of  the  pump.  Motor  builders  are  ready  to  guarantee 
their  motoi^  sgafinst  overload  of  •  23  per  cent  for  2  hours,  A  greater  over- 
load  than   this   should   i^ot '  be   maintained  except   momentarily.  ; 

(b)  For  pujnps  driven  by  a  constant  Speed  motor  a  stetp  !  characteristic 
curve  shou^  ordinarily  be  adopted  as  shown  in  Figure  91. 

The  wide  i^inge  of  pressures  and  capacities  obtainable  from  a  steam  fire 
pump  are  not  possible  jvith  a  centrifugal  pump  driven  by  a  constant  speed 
motor.  Sobne  compromise,  however,  is  feasible  by  the  adoption  of  a  steep 
characteristic,  whereby  a  much  high  pressure  than  the  rating  is  possible 
at  the  sma$er  flpws,  as  indicated  in  Figure  91.  This  higher  pressure  is  very 
desirable  where  long  lines  of  hose  are  required,  or  in  the ,  event  of  a  fire 
in    a   very  high   br  wide  building. 

In  those  instances  where  pumps  take  their  water  supply  un,der  a  consid- 
eiable  head,  the  steep  characteristics  should  not  be  adopted;  or,  in  any  event, 
one'  so  steep  as  to  result  in  excessive  pressures  on  the  yard  system. 

(c)  For  pumps  driven  by  an  adjustable  speed  motor  or  prime  mover,  a 
flat  charaeitleristic  cutH^  should  ordinarily  be  adopted  as  shown  in  Figure  92. 

The  higher  cost  of  such  adjustable  speed  pumping  units  have  usually  pre- 
vented .their  adoption.  But  their  obvious  advantage  in  many  instances^iakes 
their   &«r'er.tkn   well    worth    while.  Digitized  by  >-' ^' ^*^" 
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(d)  For  pumps  taking  their  water  under  considerable  head,  the  flat  char- 
aeteristi<;  curves 'should  ordinarily  be  adp{^ted^  or  one  which  will  not  in  con- 
junction wftli  the  inlet  pressure  result,  iri  unduly  high  pressures  on  the 
fire   ^stem.  .  ..      , '  •  . ,        . 
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Fig.  91 


Centrifugal  pumps  are  being  extensively  Used  in  cities  as  "booster"  ptinip8, 
taking  their  water  supply  from  the  street  mains  at  pres*sures  from  20  to 
so    pounds. 

With  the  steep  characteristic  curve  shown  In  Figure  91,  th<ire  might  result 
undue   pressures  on  the  fire  system  at  the  smaller  flows. 
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If  the  inlet  pressure  is  to  remain  i^early  constant,  pump  impellers  can  be 
designed  to  suit,  and  high  pressures  avoided.  However,  as  tne^  pressures 
are  sometimes  reduced  materially  under  large  flows,  no  allowanced  for  this 
suction  head  should  be  made,  unless  assured  that  it  is  of  a  constant  character. 

For   these   reasons   the   flat  characteristic   curVe   will   ordinarily   better    safe- 
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guard  the  fire  systema,  and  i£  the  situation  demands  higher  presAures,  the 
adjuataBte    speed    motor    or    steam,  turbine    should    then    be    adopted. 

In  any  installation  where  unduly  high  pressures  result,  and  the  above 
suggestion  cannot  be  adopted,  the  relief  valve  should  be  set  at  some  reason- 
able safe  pressure,  say  125  lbs.,  and  allowed  to  discharge  the. excess  capacity 
at    the    smaller    flows. 

There  havie  been  a  few  pumps  built  of  the  3  stage  type,  operated  by  a 
constant  speed  motor,  that  permit  variable  pressures.  Ordinarily  only  two 
of  the  impellers  are  running,  giving  pressures  of  9a  to  roo  lbs.  But  by 
throwing  mto  commission  the  tl^ird  impeller,  pressures  35  per  cent  tp  40 
per  cent  higher  are  available.  In^  some  cases,  such  equipments  would  satis- 
factorily meet  the  conditions  mentioned  in  e. 

(c)  For  a  constant  speed  the  characteristic  curve  of  pressure  and  capacity 
must  be  ortc  constantly  rising  as  thi  discharge  decreases. 

At  no  point  in  this  curve  should  the  pressure  be  higher  than  at  the  shut- 
off  point.  /    ■      '  ' 

As  the  pressure  gauge  is  >the  only  indicator  of  the  pump  dischargel,  it  is 
important  that  thld  gauge  should  in<Ucate  ohly  one  discharge  capacity-  for-  any 
given  pressure  and  spefd. 

(f)  For  a  constant  speed  and  a  steep  characteristip  curve,  the  pressure 
at  shut-off  point  should  be  not  less  than  30  per  cent  higher  .than  pressure 
at  rated  capacity,  and  the  discharge  capacity  should  be  50  per  cent  higher 
than  rated:  discharge  at.  a  pressure  not  less  than  70  per  cent  of  that  at  rated 
discharge.  •      . 

INSTALLATION   OF  PUMPS 

I.ocatkJn. — Pump*  must  be  so  located  as  to  secure  the  following  features. 

(a)  They  must  be  i^fe  from  damage  from  falling  floors  or  machinery, 
and  by  suitable  cut-offs'  be  safeguarded  from  any  influence  such  as  smbke, 
fire.  , or  flood  that  might  driye  away  the  operator.  A  one-story  building 
isolated    from   the   main,  group   is   to.be   preferred. 

Where  brick  or  reinforced  concrete  is  not  feasible,  expanded  metal  and 
cement  is  recommended  as  an  inexpensive  and  desirable  construction  for 
sviih    k    room. 

The  practice  of  locating  centrifugal  pumps  in  basements  not  cut  off  but 
with  pump  arranged  to  start  from  outside  of  building  is  nqt  desirable,  and 
if  used  care  must  be  taken  that  all  starting  devices,  priming  valve  and  all 
other  similar  valves  be  arranged  to  be   operated'  from   the  sam«i  point. 

Where  there  are.  several  pumps  in  different  buildings  not  all  subject  to 
one  fiire, .(the  req^uirement  concerning  cutting  off  of  pump  may  sometimes  be 
waived. 

(b)  The  pump  room  must  be  of  ample  size  to  afford,  access  at  all  times 
for  operating  ^nd  overhauling.  It  should  not  be  used  for  miscellaneous 
storage. 

(c)  Its  location  must  permit  of  practicable  pipe  connections,  the  suction 
pipe    receiving    first   consideration. 

(d)  Some  means  must  be  provided  for  maintaining  the  temperature  of 
pump   room   above  the   freezing  point. 

Artificial  light  must  be  provided,  and  provision  made  for  drainage  and 
ventilation. 

A  lantern,  preferably  fvfro^  with  safety  matches  sh'quld  be  kept  in  pump 
room.  '  '  ^  .   '. ! 

Foundation  and  S'EtTflHG.'^Xa)  Fire  pui^ips  inust  be  placed  upon  solid 
foundations,  preferably  built  of  concrete  or,  if  desk-ed,  of  brick  laid  in 
strong  hydraulic  cement.-  -*'  '..,-» 

It  is  desirable  to  give  these  foundations  a  batter  fore  and  aft  of  about  i 
to  4  in  order  to  SQqtMTe  ample  bearing  upon  the  sub-foundation.  This  will 
insure  stability  during  the  fast  running  demanded  of  fire  pumps.  Where 
foundation  is  built  of  bricks,  a  capping  of  stone  or  cast  iron  under  bed 
plate  is  an  advantage  in  tying  together  the  upper  part  of  the  .fgundation. 

In  some  cases  it  may  be  necessary  to  support  the  pump  on  I-bqams  or  a 
framework  of  structural  iron.  The  bed  plate"  should  then  oje  \6tted^d£n5.6ly 
to    the    beams.  •■      •  .        .   ■   .  DigitJzed.by>  - 
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(b)  Pumps  must  be  set  level,  with  foundation  bolts  in  position,  and 
the  joint  between  the  foundation  and  the  bedplate  must  be  made  solid  by 
grouting  with  thin,  pure  cement.  When  thoroughly  set,  the  bolts  should 
then    be    tightened    up.  

(c)  Care  should  be  takefi  not  to  spring  bedplate,  thereby  thrpwing  out 
of  line  the  respective  shafts  of  motor  and  pump.  The  interposed  flexible 
coupling    will   take   care    of    only    slight   inaccuraciest  in    alignment.    ■ 

'  Suction  Supply. — An  inexhaustible  supply  of  water  is  to  be  preferred. 
Where  a  stored  supply  only  is  available,  it  should  be  large  enough  to  supply 
the  pump  for,  two  hours,  more  or  less,  depending  upon  local  conditions. 
Some  reliable  means  should  be  provided  for  filling  such  reservoir  through 
a.:4'inqh  or   6-inch   pipe.  . 

Suction  Pipe. — (a)  Where  the  pump  takes  its  water  under  a  head,  suction 
pipe  may  be  of  the  same  size  as  opening  in  pun^p;  but  with  a  suction  lift 
of  10  feet  or  more,  and  a  length  of  pipe  exceeding  30  feet,  or  with  more 
than  two  elbows,  suction  pipe  two  inches  larger  must  be  used,  and  a  special 
reducing  casting  must  be  provided  to  connect  this'  pipe  with  the  pump. 
•  (b)  A  shbft  suction  pipe,  if  well  supported,  should  preferably  be  of  flanged 
pipe  with  rubber  gaskets.  If  of  some  length  and  in  yielding  soil,  bell-and- 
spigot  pipe  should  be  used,  and  the  joints  filled  with*  lead  and  tightly  calked. 
Yarn 'and  similar  materials  should  not  be  used  as  a  substitute  for  lead  in 
suction  pipe  joints.  '','•*'      I. 

(c)  Great  care  should  be  taken  in  laying  the. suction  pipe,  so  that  it  shall 
have  a  constantly  ascending  grade  from  the  water  supply  to  the  pump. 

If  high  .places  or  summits  are  permitted,  they  ,are  likely  to  give  constant 
trouble  by  the  accumulation  of  air,  thereby  cutting  down  the  a^ea  of  the 
pipe  and  reducing  the  amount  of  water  possible  to  Be  delivered  at  the  pump. 

(d)  Extremely  long  suction  pipes  should  be  avbided  wherever  possible. 
When  exceeding  100  feet,  effort  should  be  made  to  provide  an  intake  well 
as  near  as  practicable  to  pump  and  supply  the  well  through  a  large  tile  pipe 
laid  on  a  down  grade  from  the  source  of.  water,  supply.  This  inlet  pipe 
should  be  provided  with  a  gate  valve. 

Foot  Valv^ — Except  with  duplex  pumps,  with  less  than  18  feet  lift,  all 
situations  involving  a  lift  require  a  foot  valve  Any  foot  valve  that  may 
be  installed  should  have  bronze  seats  and  be  faced '  with  some  suitable  yield- 
ing material,  such  as  leather,  and  should  be  of  a  design  and  construction 
that  will  not  unduly  restrict  the  flow  of  water  toward  the  pump.  The  foot 
valve  should  be  so  located  as  to  be  readily  accessible  and  be  provided  with 
handholes. 


Fig.  93.— a  Foot  valve  of  Good  Design 


(f)  Whenever  a  straipict  is  acfvisable,  it  Should'  be  ^  constructed  and 
arranged  thai  it  can  be  cleaned  or  repaired  without  disturbing  the  suction 
pipe    itself.      A    brass    or    copper    wire   screen    of    about    one-hajf    inch    mesh 
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and  No.  10  B. '&  S.  Wire,  secured  to  a  frame  sliding  vcirtically  at  the  entrance 
to  the  intake;'  makes  a  serviceable  arrangement;  and  permits  of  ready  clean* 
tng  and  overhauling.  The  screen  should  liave  an  effective  area  of  one 
square  inch  for  every  rated  gallon  per  minute  size  of  pump.  Double  screens 
are  advised*  so  arranged  that  either  can  be  removed  for  cleaning  while  the 
other  remains  in  service.  The  ordinary  combination  foot  vajve  and  strainer 
should  be  avoided. 

(g)  Where  the  pump  takes  its  water  unider  a  lift,  the  suction  pipe,  must 
not   be    used    to   supply    any    other    pump. 

Discharge  Pipe. — An  approved  indicating  flanged  gate  valve  should  be 
placed  in  the  discharge  pipe  and  located  next  to  the  pump.  There  should 
also  be  in  this  same  pipe  a  «heck  valve  located  preferably  outside  of  the  pump 
house  in  the  ground.  If  the  valve  is  located  inside  the  pump  room  it  should 
be  as  near  the  building  wall  as  possible,  and,  in  any  event,  the  valve  and 
the  pipe  from  it  to  the  outside  system  should  be  thoroughly  protected 
against   injury. 

By  placing  the  diAcharge  valve  at  the  pump,.,  any. accident,  to  the  discharge 

Eiplng,  either  in   the  pump  room  or  outside,   will  not  cripple   the  pump,   for 
y  closing  the  valve  the  pump  will  still  be  available  for  service  through  hose 
lines  connected  to  the   hose  valves  on  the  pumf). 

/  Unless  the  check  valve  in  the  discharge  pipe  is  well  protected  against 
breakage,  an  accident  to  the  pump  of  piping  in  the  pump  room  may  also 
damage  the  check  valve,  in  which  case  the  water  from  the  other  supplies 
may   be   seriously    wasted. 
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Reproduod  by  permiasion  Nat'l  Bd.  of  Fire  Und'^. 
Fig.  94 

Relief  Valve  Waste  Pipe. — The  relief  valVe  waste  pipe  should  preferably 
pass  directly  from  its  discharge  con6  to  the  dtmosphere.  If  connected  to  any 
underground  drairi,  care  should  be  taken  that  no  steam  drains  enter  near 
enotigh  to  work  "back  through  the  cone  and  itito  the  pump  room.     The  waste 
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pipe  should  be  run  the  full .  9ize ,  fialled  for  by  .  the  puilet  of  cone,  and  if 
more  than  one  elbow  is  emplo^yed  the.  next- size  larger  pipe- jshould  be  used 
to  complete  the  connection.  This  waste  pipe  may:  at  times  be- called  upon 
to   carry  the   entire   discharge   of  pump  at   full  speed. 

When  the  supply  of  water  is  limited,  as  from  a  special  suction  rciervoir 
or  cistern,  the  waste  pipe  must'd^ain  into  such  reservoir  or  cistern,  entering 
as  far  from  the  pump  suction  as  is  necessary  to  prevent  tlie  pump  from 
draughting  air  which  may  be  carried  do^wn  into  the'  (Ji^tern  by  the  discharge 
from  the  waste  pipe. 

Si3?e  of  waste  pipes  to  be  as  follows:  ,    ' 


Siie  of  Pump 

Sifee  Of  Waste  Pipe 

500-gallon 

.  •    •  5"  • 

750-gallon 

,.           6'.... 

1,000-gallon 

'7* 

li500-gallon 

•      8" 

Priming. — Ptimps  should  preferably  take  their  suetioh  supply  tinder  a 
slight  head;  centrifugal  pumps  have  no  lifting  ability  until  primed,  "  and 
rotary  pumps  may  get  in  this  condition.  Where  this  is  not  practicable,  some 
kind  of  priming  equipment  must  be  provided.  For  this  purpose  one  of  the 
following   methods   is   recommended:       .    '  ,        . 

(a)  Provide  a  priming  tank  of  capacity  at  least  three  times  the  voUune 
of  the  pump  and  suction  pipe  (in  no  case  less  than  250  gallons).  Connect 
tank  to  the  discharge  side  of  ptimp  at  such  a  point  as  will  insure  that  all 
priming  water  enters  the  pump,  and  is  not  wasted  in  the  pipes  leading  from 
the  pump.  This  connection  should  include  a  straightway  outstde-screw-and- 
yoke  valve  and  a  swing  check  valve  with  pipe  Sizes  as  follows: 

Size  of  pump  (gals,  per  min.) ......  500  750  l.OOO        1,500 

Size  of  priming   pipe   for  suction 
pipe  not  over  25  feet  long 2§  inch      3  inch      3i  inch      4  inch 

For  longer  suction  pipes,   larger  priming  connections   may  be  advised. 

The  bottom  of  this  tank;  should  be  at  least  2  feet  above  the  top  of  the 
pump  to  insure  a  good  working  he£|d.  Means  for  keeping  tank  filled  must 
be  provided,  either  by  an  auxiliary  , pump,  or  a  connection  to  a  public  supply 
through  a  good  sized  ball  and  cock  arrangement.  A  connection  between 
fire  pump  and  tank  is  also  advised  to  perjmit  of  .filling  same  at  close  of 
any   test.  *  ' 

Where  an*  ample  public  ^a^er  supply  is"  available,  and  the  liability  of 
freezing  is  not  present,  it  will ;  be  well  to  connect  ^his  supply  direct  to  dis- 
charge side  of  pump  with  a  swing  check  and  valve,  thereby  maintaining  a 
filled  system  ready  for  instant  starting.  This,  of  course,  is  in  addition  to 
the    tank    above    specified. 

The  liberal  priming  tank  and  large  •  connecfting  ijipe  is.  necessary  so  that 
the  pump  could  be  primed,  and  primed  quickly,)  even  if  there  were  considerable 
leakage  at  the  foot  valve.  As  the  priming  arrangement  is  so  vital  a  feature 
to  the  successful  starting  of  the  pump,  a  considerable  factor  of  safety  is 
needed. 

(b)  Where  the  .conditions  warrant,  such  as  an  unusually  long"  suction 
pipe,  a  small  centrifugal  pump  driven  by  a  separatfe  motor  or  other  power 
may  be  installed,  preferably  with  the  pump  submerged,  and  its  discharge 
connected  between  the  main  fire  pump  and  its  discharge  check  valve.  This 
will  enable  the  e^ntire  main  suction  ,pipe,  jincluding  the  pump^  to  be  com- 
pletely filled  prio^,  to  the  starting  of.th,?  main,  pump.  .  Fp^  sucU  an  outfit, 
in,  case  it  is  not  practicable  to  .submerge  the;  p^-jming.  pump,  ^  moderate -sired 
tank  must  be  provided  for  priming  it,  arranged  ?§  3fiJ^W^4$0%^^Wap^  ^ 
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Such  'an'  arra(ngetnent  would  not  be  advised  for  short  suction  pipes  and 
low  lifts,  as  the  method  descr'ibed  in  "A"  would  befeetter  aaited  for  such  places. 

(c)  Where  a  reliable  steam  supply  or  separate  water  supply  under  good 
pressure  is  available,  A  fiberal-sized  exhauster  or  siphon  ejector  may  be 
co'nnifcted    up    between  '  the    pump    and    discharge    check    valve.  , 

Such  an  arrangement  has  feeen  successfully  employed  in  exhausting  the  air 
from  pump  and  suction  pipe  and  ptrmitting  '  a  prompt  starting  up  of  the 
main  pump.  •  '♦ 

<d)>  Some  type  of  mechaiaically-  operated  exhauster  may  be  provided,  driven 
by  a  sparate  motor  so  designed  as  to  quickly  pump  the  air  out  of  the 
suction  .pipe. and  j>uxnp. 

Th^  exhauster.  .s|iQuld  be  (Connected  tjetween  pump  and  dis<;barge  check 
valve,  so  as  to  completely  fill  suction  pipe  and  pump.  A  gate  valve  should 
be  placed  in  this  exhauster  connection,  of  approved  indicating  type,  to  be 
closed  as  soon   as  ptimp  is  ^rim^d/ 

ttriving   C6nriections 

The  'best  method  of  driving  a  rotary  pump  will  depend  upon  the  conditions 
present  at  a  gitnen  $ituati6n.  The  following  methods  may  be  used,  and  the 
conditions   governing  their'  adoption   are'  indicated. 

Pump  Shavt  Connected*  it)  an  Indefemdent  Source  op  Power. — ^(a)  This 
involvesi  a.  separate  water  wheel  motor  or  other  prime  mover  of  ample 
power  running  at  the  same  rated  speed  of  pump^  No  clutch  is  necessary, 
but  some  form  of  coupling,  to  allow  for  slight  end  play  of  shaft  is  needed, 
thereby  preventing  end  thrust  of  cams  on  pump  casing  and  a  resultant  wear. 
This   majfes    the    preferred    arrangement. 

(b)  If  speed  of  prime  mover  is  not  the  same  as  the  rated  speed  of  pump, 
cut  spur  gears,  or  a  silent  chain  drive  may  be  employed  to  secure  the  desired 
speed.  Such  gears  should  be  kept  in  mesh  at  all  times.  No  clutch  or  coupling 
is    necessary. 

(c)  If  an  electric  motor  is  the  source  of  power,  the  motor  and  pump 
should   be  bolted   rigidly  to  the  same  bed  plate. 

PuM*  Connected  Through  Si>ur  Gearing  to  rnt  Main  Shaft  of  the 
Mill  Water  Wheel.— (a)  In  this  case  some  form  of  clutch  of  the  rim 
friction  type  should,  be'  used  between  the  driving  gear  and  the  wheel  shaft! 
A  silent  chain  di'ive  can  also  be  used  in  place  of  the  gears,  being  specially 
useful  in  cases  where  the  pump  cannot  be  located  near  enough  to  main 
shaft  to  permit  spur  gears  of  reasonable  diameter.  The  chain  drive  should 
not  be  used  in  wet  places. 

Under  some  conditions  the  plain  square  jawed  clutch  may  be  used  in  place 
of  the.fim  friction  clutch,  where  other  reliable  and  independent  pumps  are 
available   on   the   same   system. 

The  old  type  of  sliding  spur  gears,  formerly  used  to  some  extent,  is  not 
advised,  ^s  there  is  always  the  danger  in  the  excitement  of  a  fire  of  throw- 
ing the  gears  into  mesh  while  power  is  running,   and  stripping  the   teeth. 

Pump  Connected  Through  a  Pair  of  Friction  Gears  to  the  Main  Shaft 
OF  the  Mill  Water  Wheel. — (a)  This  method  is  probably  the  rnost  com- 
mon in  use.  The  gears  are  simple  and  inexpensive,  and  when  properly 
fitted  up  will  give  fairly  good  service.  They  have  the  advantage  over  spur 
gears  in  that  they  can  be  thrown  into  mesh  while,  power  is  running.  They 
are  not  so  efficient,  however,  being  liable  to  ^lip,  and  consume  po\ver  by 
being  pressed  tightly  together.  There  is  a  tendency  for  such  gears  to'  get 
out  of  line  due  to  axial  movement  of  wheel  shaft.  Flat  places  are  sometiinties 
worn  on  their  periphery,  decreasing  their  efficiency.  To  be  acceptable  careful 
attention  should  be  given  to  the   following   features:        Digitized  by  LjOOQ IC 
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(b)  The  gear  on  main  shaft  should  be  truly  centered  by  giving,  when 
possible,  its  finishing  cut  after  being  keyed  on  to  a  shaft. 

CENTRIFUGAL  PUMPS  will  probably  be  driven  by  electric  motors  in  most 
cases,  though  any  reliable  form  of  prime  mover  may  be  adapted  to  the 
serA^ice.  The  preference  will  naturally  be  for  such  driving^  methods  as  permit 
of  a  direct  connection  without  speed-changing  devices.  With  motor  driving 
the  main  question  will  be  the  reliability  of  the  current  supply,  and  this 
can   be   determined  only  by   a  careful  study   of  the  conditions   in   each  case. 

Where  the  speed  of  motor  or  prime  mover  is  not  the  same  as  pump  speed, 
the  transmission  may  be  either  by  a  single  pair  of  cut  spur  gears,  preferably 
of  the   herring  bone  type,   or   a  silent  chain   drive  of   approved  construction. 

TESTS  FOR  ACCEPTANCE 
Steam  Duplex  Pumps 

Test  for  Smoothness  of  Action. — a.  Provide  outlets  for  the  water;  start 
the  pump  slowly,  gradually  open  steam-throttle  to  bring  the  pump  to  full 
speed.  The  pump  should  run  smoothly  at  the  rated  full  speed  of  70  revolu- 
tions per  minute  (or  60  revolutions  if  a  1,500-gallon  pump)  with  full  length 
of  stroke,  and  meanwhile  maintain  a  water  pressure  of  100  pounds  per 
square   inch. 

If  the  hose  lines  are  short,  or  discharge  is  too  free,  partly  close  'the 
water  outlet  valves,  thus  throwing  an  extra  back  pressure  on  the  pump 
equivalent  to  that  which  would  be  produced  through  a  greater  length  of  hose. 

During  this  trial  it  is  preferable  to  discharge  the  water  through  lines  of 
;?%-inch  cotton  rubber-lined  hose,  preferably  each  150  feet  long,  each  con- 
nected directly  to  the  hose  outlets  on  the  pump,  and  each  line  having  a  i^-inch 
smooth  nozzle  at  its  outer  end.  Two  lines  should  be  connected  for  a  500- 
gallon  pump,  three  for  a  750,  and  so  on,  having  as  many  lines  as  rating 
of  pump   requires. 

A  hose  line  i?;o  feet  long,  with  an  inside  surface  of  average  smoothness, 
and  with  a  i^^-inch  nozzle  attached,  will  require  about  80  pounds  pressure 
at  the  pump  to  discharge  250  gallons  per  minute,  and  the  nozzle  pressure  will 
be  about  45  pounds.  Therefore,  with  lines  attached  as  above,  a  pressure  at 
the  pump  of  about  80  pounds  should  represent  a  discharge  about  e^ual  to 
the  rated  capacity  of  the  pump,  and  would  ordinarily  correspond  with  the 
rated   full   speed   revolutions. 

If  the  pump  runs  smoothly  under  these  conditions,  it  is  well  to  open 
the  throttle  somewhat  further,  and  bring  the  pressure  at  the  pump  up  to 
100  pounds.  This  will  give  a  discharge  of  about  280  gallons  per  stream, 
or  about  12  per  cent  in  excess  of  the  rated  capacity.  The  revolutions  will, 
of  course,  correspondingly  increase,  and  under  all  ordinary  conditions  a  pump 
should  run  smoothly  at  this  higher  capacity,  though  a  little  more  vibration 
and  pounding  would  be  expected  than  when  running  simply  at  its  rated 
speed. 

After  cushion  valves  are  adjusted  there  should  be  no  noteworthy  water 
hammer  or  valve-slam.  Sometimes  valve-slam  is  not  the  fault  of  the  pump, 
but  arises  from  an  obstructed  suction  pipe.  It  is  objectionable  to  doctor 
water  hammer  in  a  pump  by  snifting  air  into  the  suction,  as  this  cuts 
down    the    efficiency    and    is   a   poor   expedient. 

The  quietness  of  that  part  of  the  hose  near  the  pump,  or  its  freedom 
from  rubbing  back  and  forth  crosswise  an  inch  or  more  with  each  pulsation 
of  the  pump,  is  a  good  index  of  the  pump  maker's**  skill  in  securing  uniform 
delivery.  ^  Bad  pulsation  quickly  wears  holes  in  the  hose,  and  to  reveal  this 
is  the   object   of   testing  with   hose   connected   directly   to   the   pump. 

Test  of  the  Internal  Friction. — a.  This  is  shown  by  the  reading  of 
steam  chest  gauge   compared   with  water  pressure   gauge   at   air   chamber. 

Tests  have  generally  run  about  as  follows,  for  pumps  running  at  full 
rated  speed:  Digitized  by  GOOglC 
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b.  The  steam  pressure  needed  will  vary  slightly  with  the  freedom  of  the 
exhaust  pipe  and  with  the  tightness  of  the  packings,  etc.,  but  a  steam  pressure 
of  45  pounds  at  the  steam  chest  should  suffice  for  loo  pounds  water  pressure 
on  pump  in  proper  adjustment. 

Test  of  Strength  and  Tightness. — a.  First,  shut  the  main  valve  between 
the  pump  and  the  fire  system  to  avoid  possible  injury  to  joints  or  fittings, 
thus  shut  all  water  outlets  nearly,  but  not  quite  tight,  so  pump  will  move 
very  slowly.  Screw  safety  valve  down  hard.  Slowly  and  carefully  admit 
steam  pressure  sufficient  to  give  240  pounds  per  square  inch  water  pressure. 

b.  With  this  extreme  pressure  all  joints  should  remain  substantially  tight, 
and  the  slow  motion  of  the  pump  should  be  tolerably  smooth  and  uniform. 
(The  leakage  of  a  few  drops  here  and  there  and  a  little  unsteadiness  of 
motion  are  to  be  expected.) 

c.  If  boiler  pressure  is  above  85  pounds,  the  safety  valve  on  pump  should 
be  attached  and  screwed  down  only  enough  to  hold  the  required  pressure. 
For  with  100  pounds  or  more  of  steam  the  water  pressure  might  .be  carried 
too   high. 

After  completing  the  above  test  slack  off  on  safety  valve,  setting  It  so 
that   it  will   begin   to   open   at   about    100   pounds   pressure. 

Test  of  Capacity  of  Relief  Valve. — ^a.  The  relief  valve  may  next  be  / 
tested  by  fii-st  adjusting  it  to  pop  at  100  pounds,  then  shut  the  main  outlet 
to  pump,  and  then  shut  the  hose  gates  one  by  one,  and  thus  force  all  the 
discharge  through  the  relief  valve,  meanwhile  opening  steam  throttle,  so  as 
to  run  pump  first  at  two-thirds  speed  or  about  fifty  revolutions  per  minute, 
and  finally  at  full  speed  (seventy  revolutions).  The  safety  valve  (relief 
valve)   should  carry  all  this  and  not  let  the  pressure   rise  above   125  pounds. 

The  pressure  in  a  quick-moving  fire-pump  necessarily  fluctuates  5  to  15 
pounds  at  different  points  in  stroke,  and  an  air  chamber  of  reasonable  size 
.cannot  wholly  remove  this.  Therefore  the  safety  valve  must  be  set  at  about 
15  pounds  higher  than  the  intended  average  working  pressure;  otherwise  it 
will   get   to  jumping  with   almost  every   stroke. 

Test  of  Internal  Leakage  or  Slip. — a.  Set  safety  valves  at  115  pounds, 
shut  all  water  outlets,  admit  steam  enough  to  give  100  pounds  water  pressure, 
then  pump  will  move  very  slowly  under  the  influence  of  the  leakage  past 
plungers;  about  one  revolution  of  pump  per  minute  shows  a  proper  accuracy 
of  fit.     Anywhere  from  one-third  to  two  revolutions  per  minute  is  satisfactory. 

Too  tight  a  fit  is  bad,  as  if  not  exceedingly  uniform  it  induces  scoring 
or  fretting  of  the  metals.  Moreover,  shoulcT  pump  happen  to  be  run  dry 
for  a  few  minutes  before  catching  its  suction  a  slight  warming  and  expansion 
of  the  pluiiger  may  cause  it  to  stick  and  fret. 

Test  with  Maximum  Working  Pressure. — a.  For  this,  alternately  shut 
down  the  main  outlet  gate  and .  adjust  the  hand'wheel  of  the  safety  valve, 
and  open  up  on  the  throttle  as  may  be  required,  running  pump  ati^l^ldiLe- 
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half  speed  (or,  in  experienced  hands,,  at  full  rated  speed),  and  note  the 
greatest  watejr  pressure  which  the  full  boiler  pressure  (unless  boiler  pressure 
is  aboye  95  pounds)   will  yield  with  pump  at  full  speed. 

Sometimes .  it  may  be  necessary  to  force  water  through  very  long  lines  of 
hose,   ot  to   an  unusual   height. 

Steam'  fire  engines  are  not  infrequently  called  on  to  give  200  pounds  per 
squar^    inch    water    pressure.       ' 

To  test  short  hose  lines  with  anywhere  near  so  high  a  pump-pressure  is 
dangerous,  lest  the  nozzle  kick  and  pull  itself  away  froin  the  man  holding 
it  and  thresh  around;  but  the  ability  of  the  pump  may  be  tested  by  putting 
this  high-pressure  delivery  mainly  through  the  Safety,  valve,  or  in  part  through 
the   partially   closed   main   outlet   gate. 

I^  Ms  not  advisablfe  to  carry  this  water  presisure  above  200  pounds  in  the 
field  test,  although  in  thfc  shop  test  the  water  pressure  is  carried  to  240 
pounds,  and  engine  driver  should  stand  with  his  hand  on   the  throttle. 

.  Test  for  Maximum  Delivery. — a.  This  can  best  be  tried  by  adding  one  or, 
in  some  ca?eSj  two  jjnore  streams  than  the  pump  is  rated  to,  deliver  by  attaching 
the  extra  lines  of.  hose,  to  some,  hydrant  near,  and  thi^n  speed  up  the  pump 
gradually,  to  see  how  fast  it  may  be  run  before  violent  pounding  or  slam- 
ming of  valves  begin^.  • 

Sometimes  the  increased  delivery  ,can  be  drawn  off  through  an  open  hydrant- 
butt  meanwhile  holding  sufficient  back  pressure  to  show  100  pounds  on  the 
water   gauge   by   partly   closing   the    discnarge    valve. 

The  engine  driver  should  stand  with  his  hand  on  or  near  the  throttle 
when   thus  speeding  the  pump. 

it  is  all  right  to  run  a  fire-pump  up  to  the  utmost  si>eed  possible  before 
water  hammer  begins,  and  very  often  a  "pump,  while  new  and  if  favorably 
set  up.  can  deliver  25  to  50  per  cent  more  than  rated  capacity;  nevertheless, 
although  expert  treatment  can  force  i,ooo  gallons  from  a  16x9x12  pump  we 
can  rate  it  ps  only  a  750-gallon  Dump.  There  must  be  some  margin  to  allow 
for   wear  and   for   the  possible  absence  of   the   expert  at  time  of  fire. 

Rotary  Pumps 

Tests  similar  to  those  for  duplex  pumps  should  be  run  for:  Smoothness 
of  action;  maximum  working  pressure;  maximum  delivery,  and  capacity  of 
relief    valve. 

Centrifugal  Pumps 

(a)  The  pump  must  be  able  to  discharge  its  full  rated  capacity  at  100 
lbs.  pressure  at  the  pump,  assuming  a  zero  suction  lift,  and  maintain  this 
condition  indefinitely  without  objectionable  heating  of  bearings  or  at  motor, 
or  exceeding  the  rated  power  of  the  motor  and  with  an  efficiency  not  less 
than  specified. 

The  efficiency  of  pump  for  any  delivery  is  to  be  based  on  the  electrical 
H.  P.  output  of  motor  and  the  hydraulic  H.  P.  output  of  pump.  For  a  D.  C. 
motor  this  powet-  output  is  to  be  computed  from  the  readings  of  voltmeter 
and  ammeter,  allowance  being  made   for  motor  efficiency. 

For  an  A.  C.  motor  this  computation  will  of  course  involve  the  considera- 
tion of  the  power   factor  of  the  circuit.  '    ■ 

(b)  Shut  off  one  stream  after  another  until  all  are  closed,  and  note  the 
quantity  delivered,  and  the  pressure  at  the  pump  under  the  different  con- 
ditions. Also  note  the  power,  required  and  compute  the  efficiency  for  the 
several    points.  ' 

(p)  Put  on  one  or  more  streams  in  addition  to  the  number  for  which 
the  pump  is  rated,  and  note  the  quantity  delivered  and  the  pressure,  also 
the  power  required  under  this  excessive  discharge,  and  compute  thfc  efficiency. 
Under  this  test  the  ,pump  should  work  with  entire  smoothness,  and  the 
motor  should  not  be  overloaded  more   than   provided   for  by   Article   No.   43a. 

(d)  Tf  provision  is  made  for  varying  the  speed  of  the  motor,  try  the 
motor    at    different    speeds    under    conditions    whi{d^gitis^@y|doi©Op|te    to    ^ 
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met  with  in  case'  of  fire,  noting  quantities  and  pressures,,  ^nd  compute 
efficiencies.  Under  all  conditions  the  motor  and  pump  should  run  smd«othly 
and  without  trouble  in  any  part  which  would  prevent  continuous  runnihg, 
should    occasion    require   it, 

(e)  Let  all  water  out  of  the  suction  pipe,  note  the  lift,  and  make  several 
tests  to  determine  how  long  it  takes  the  priming  apparatus  to  get  th^  pump 
again  into  service.  Especially  note  whether  the  i^ump  shows  any  sign  of 
heating  or  other  distress  where  the  priming  equiptojent  requires  it  to  be 
run   a  short  tiijje   before   it   is   flooded   with   ws^ter. 

The  pump  to  be  acceptable  must  meet  all  .  these,  tests  satisfactorily  and 
in   accordance   with  the   requirements  of   the  specifications,.   , 

REQUIREMENTS  FOR  ELECTRICAL  DRIVING  AND 
CONTROL  OF  FIRE  PUMPS 

Before,  installing  an  electrically  driven  pump  the  matter  should  be  taken 
up  with  the  inspection  department  having  jurisdiction  in  order  that  an  inves- 
tigation may  be  made  to  determine  whether  the  reliability'  of  the  current 
supply  is  such  as  to  mak^  the  electric  service  dependable.  The  question  of 
reliability  of  the  service  depends  pn  so  many  factors  that  in  many  cases 
it  can  otxly  be  .settled  on  the  ground. 

All  details  of  construction,  materials  and  apparatus  pei-taitiing  to  the  elec- 
trical equipment,  except  as  modified  or  provided  for  by  these  requirements, 
must  comply  with  the  requirements  of  the  National  Electrical  Code. 

Power  Statioh. — (a)  When  current  is  taken  from  a  single  power  station 
the  station  must  be  of  non-combustible  construction,  so  located  or  protected 
as  to  be  free  from  chances  of  setious  damage  by  exposure  from  fire,  and 
the  design  and  arrangement  of  apparatus  within  it  such  that  there  will  be 
but  little  chance  of  interriiption   of  service.  ... 

(b)  Where  current  is  taken  through  a  substation,  this  substaltion  A%ust 
also  meet  the  requirement  of  Section  a,  and  in  addition  the  number  and 
arrangement  of  cables  between  the  station  and  th^  substation  must  be  such 
as    to    practically    guarantee    continuous    power    at    the    substation. 

(c)  Where  service  cannot  be  obtained  from  a  power  station  or  eubstation 
meeting  these  requirements,  it  must  be  obtained  from  two  or  more  stations 
or  substations  so  located  and  equipped  that  an  accident  or  fire  at  one  will 
not  cause  an  interruption  of  the  service  supplied  by  the  others. 

A  private  generating  plant  located  on  the  premises'  served  by  the  fire 
pump,  if  in  a  separate  power  house  or  cut  off  from  main  buildings,  will 
be  considered  as  a  power  station,  and  may  be  used  as  one  source  of  current 
supply. 

Transmission  Lines. —  (a)  The  lines  between  the  power  plants  and  the 
pump  room  must  be  of  such  number,  so  arranged  and  so  located  that  ther^ 
will  be  small  chance  of  an  interruption  oi  service  to  the  motor,  due  to 
accident  to  the  lines.  All  wiring  in  the  pump  room  must  be  in  approved 
conduit. 

,  Where  the  values  involved  ^re  large  and  the  crippling  of  this  pump  service 
would  seriously  affect  the  protection  of  the  property,  at  least  two  separate 
lines  from  the  power  plant  or  plants  to  the  pump  installation  must  be  pro- 
vided. The  lines  must  be  run  by  separate  routes  or  in  such  manner  that  a 
failnre  of  both  at  the  same   time  will  be  only  a  remote   possibility. 

Where  current  is  taken  from  an  underground  Edison  3-wire  system  it  will 
be  considered  that  two  independent  lines  have  been  provided  it  connections 
are  ,  brought  into  the  pump  room  from  two  street  mains  ojr  feeders  not 
terminating    directly    in    the    same    junction    box. 

A  complete  underground  circuit  from  generating  station  to  pump  is  strongly 
recommended    and    should    be    obtained    when    practicable.      When    such    con- 
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struction  is  not  available,  an  overhead  circuit  may  be  allowed,  but  that  part 
of  the  circuit  adjacent  to  the  plant  or  exposing  plants  must  be  run  with 
special  reference  to  damage  in  case  of  fire.  Where  the  pump  room  is  a 
part  of,  or  in  close  proximity  to,  the  plhnt  which  the  pump  is  designed  to 
protect,  the  wires  for  some  distance  from  the  pump  _  room  must  be  under- 
ground. 

(b)  Each  line  between  the  power  plant  and  pump  room  must  be  of  such 
size  -that  its  safe  cartying  capacity,  as  given  by  Rule  i8  of  the  National 
Electrical    Code^   will   not   be   exceeded   by   the   load   carried. 

Where  direct  current  motors  are  used,  the  voltage  at  the  motors  must 
not  drop  more  than  s  per  cent  below  the  voltage  rating  of  the  motors  when 
the  pumps  are  being  driven  at  rated  output,  pressure  and  speed,  and  the 
lines   between   motors   and   power   stations   are   carrying  their  peak   loads. 

When  alternating  current  motors  are  used,  the  voltage  at  the  motors 
under  these  same  condition^  must  not  drop  more  than  8  per  cent  below 
the  voltage  rating  of  the  motors. 

(c)  The  overload  protective  devices  at  the  power  plants,  and  where  pro- 
vided at  various  points  on  the  lines,  must  be  of  such  rating  and  so  set 
that  they  will  open   the  circuit  only  under  short  circuit  conditions. 

Approved  fuses  may  be  used,  if  desired,  except  for  the  protection  of  the 
pump  motor  where  circuit  breakers  are  required.  The  fuses,  however,  must 
be  of  such  size  that  an  overload  or  short  circuit  at  the  motor  or  its  control 
apparatus  will  not  cause  them  to  open  the  circuit,  but  instead,  the  circuit 
breaker  protecting  the  motor. 

Transformers. — (a)  Must  be  located  in  a  separate  non-combustible,  well- 
ventilated  building  or  room  thoroughly  cut  off  from  other  buildings  or  rooms. 
Access  to  room  must  be  from  the  outside  of  the  building.  Transformers 
may  be  located  outdoors  by  special  permission  where  conditions  are  favorable. 

(b)  Transformers  supplying  current  to  the  lights  and  motors  in  the  build- 
ings served  by  the  fire  pump  may  also  supply  the  pump  motor,  provided 
all  load  except  the  pump  motor  load  can  be  quickly  cut  off  when  necessary. 
Switches  for  doing  this  must  be  in  the  pump  room  unless  transformer  room 
is   near   pump   room,    in   which  case   they   may    be   in   transformer   room. 

(c)  Room  containing  transformers  installed  solely  for  the  purpose  of 
supplying  current  to  a  pump  motor  must  be  dry  and  heated  in  cold  weather, 
or  else  the  transformers  must  be  normally  left  connected  to  the  supply  lines. 

Motor. — (a)    Direct  current  motors  must  be  of  the  shunt  wound  type. 

Alternating  current  motors  must  be  of  the  wound  motor  or  squirrel  cage 
induction  types.  The  squirrel  cage  motor  must  be  used  only  when  the 
conditions  are  such  that  it  will  surely  start  and  attain   full  speed. 

This  will  prevent  the  use  of  the  squirrel  cage  motor  with  pumps  of  the 
positive  displacement  types  such  as  rotary  and  plunger  pumps,  and  will 
require  that  the  electric  service  be  such  that  the  heavy  starting  current 
will   not  cause  the  voltage  to  drop   sufficiently  to  prevent  the  motor  starting. 

(b)  Motor  must  be  of  such  capacity  and  design  that  at  rated  voltage  its 
full  load  ampere  rating  will  not  be  exceeded  when  the  pump  it  drives  is 
delivering  its  rated  output  at  specified  pressure  and  speed,  and  when  running 
under  this  load  for  eight  consecutive  hours  followed  by  an  overload  of  25 
per  cent  for  two  hours,  and  an  overload  of  50  per  cent  for  one  minute, 
the  rises  in  temperature  at  its  various  parts  i»bove  the  temperature  of  the 
surrounding  air  must  not  exceed  those  recommended  in  the  standardization 
rules  of  the  American  Institute  of  Electrical  Engineers.  No  electrical  nor 
mechanical    weakness   should   develop   during   these   tests. 

(c)  Motor  and  control  apparatus  must  be  protected  from  water  coming 
-  from  possible  leakage,   or  breakage  of  any  connection   at   the  pump  or  other 

piping  in  its  vicinity,  including  hose  lines  which  may  be  connected  to  (be 
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.  This  can  probably  be  best  accomplished  by  the  erection  of  a  non-combustible 
partition  between  motor  and  pump,  extending  from  floor  to  ceiling,  and 
laterally  sufficiently  far  to  protect  the  motor  and  other  electrical  apparatus 
not  otherwise  protected.  Such  an  arrangement  will  permit  the  use  of  the 
open  type  of  motor,  and  for  most  situations  will  prove  the  least  expensive. 
The  enclosed  type,  with  fan  or  blower  system  may  be  used,  but  preference 
is  given  to  the  arrangement  described. 

(d)  Motor  windings  should  be  thoroughly  impregnated  with  waterproofing 
compound. 

Controlling  Equipments 

The  following  specifications  cover  the  construction  and  i!hstalIation  of 
controlling  equipments  of  both  the  manual  and  the  combined  manual  and 
automatic   types    for  electric   motors   driving   fire   pumps. 

Before  plans  are  completed  for  such  equipment  the  inspection  department 
having  jurisdiction  should  be  consulted  as  to  whether  the  manual  or  the 
combined  manual  and  automatic  type  will  be  acceptable  for  the  proposed 
installation,  and  also  with  reference  to  the  location  of  the  controlling  equip- 
ment  and    its   enclosures   or   protection   against   mechanical    injury. 

In  materials,  details  of  construction,  test  and  installation,  except  as 
modified  or  supplemented  by  these  requirements,  all  parts  *of  the  equipment 
must    comply   with    the    requirements   of   the    National    Electrical    Code. 

All  equipments  must  be  specifically  approved  for  fire  pump  controlling 
purposes. 

Construction 

Design. — (a)  The  design  of  all  parts  must  be  such  ,as  to  secure  simplicity, 
strength,    durability   and   ease    of   operation. 

(b)  AU  parts  must  be  mounted  on  one  or  more  panels  of  slate  or  marble, 
supported  in  a  substantial  manner  on  an  iron  frame,  and  the  entire  equip- 
ment must  comply  with  the  requirements  for  switchboards  in  the  National 
Electrical  Code. 

(c)  All  parts,  such  as  bearings,  cams  and  latches,^  the  operation  of  which 
is  liable  to  be  interfered  with  by  corrosion,  must  be  made  of  phosphor 
bronze  or  similar  metal,  except  where  magnetic  qualities  are  essential.  Springs 
must  be  of  phosphor  bronze  or  similar  metal,  or  protected  against  corrosion 
in  an  approved  manner.  ^ 

Operating  Mechanism,  Manual  Type. — Ca)  The  operation  shall  be  such 
that  the  motor  is  directly  started  by  a  single  lever,  which,  except  in  auto 
starters  or  compensators,  shall  be  arranged  to  move  in  one  direction  from 
the  initial  to  the  final  position.  , 

(b)  Electrical  actuating  devices   will  not  be   approved. 

(c)  Devices  must  automatically  return  to  the  off  position  in  case  of 
failure  of  voltage  or  in  case  the  operator  releases  the  handle  in  any  but 
the  full  running  position. 

(d)  Where  direct  current  is  used,  an  auxiliary  field  resistance  may  be 
provided  which  can  be  used  to  increase  the  motor  speed   lo  per  cent. 

Resistances. — Starting  resistances  must  be,  unless  inside  of  the  motor,  of 
the  grid  type,  and  comply  with  the  requirements  for  tests  of  starting  duty 
rheostats  as  given  in  the  National   Electrical  Code. 

Auto  Starters  or  Compensators. — Must  comply  with  the  requirements  of 
these  rules  and  also  with  those  of  the  National  Electrical  Code  for  tlie 
construction  of  auto  starters. 

Overload  Protection. — (a)  Each  motor  lead  must  be  protected  by  a  circuit- 
breaker.     With   direct   current   motors,   leads  must  be   protected  by   a  single 
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pole  (^ircuit-breaker  in  each  lead,  or  by  an  approved,  double  coil,  double  pole 
circuit-breaker  30  designed  that  each  pole  must  be  closed  independently  of 
the  other. 

(b)  Circuit-breakers  to  be .  calibrated  to  400  per  cent  pf  normal  motor 
current,  ,  and  with  squirrel-cage  motors  must  also  be  equipped  with  time- 
element  relays. 

(c)  No  fqses  nor  other  overload  release  devices  except  circuit-breakers 
are    permitted,    except    in    instrument    and    pilot    light    leads. 

Wiring. — Insulation  on  all  conductors  in  connection  with  controller  equip- 
ment must  be  of  approved  ty^. '  ■ '    •    '•    ^       '  ■    '  ■  .     . 

Swit<;h. — A»  double  throw.  l?nife  switch .  for  two  independent  sotiroe^  of 
supply   must    be   provided,   having   one   pole    for   each   supply    wire    in   circuit. 

Pilot  Lamp  and  Instruments. — (a)  A  pilot  lamp  connected  on  the;  motor 
side  of  the  circuit-breakers  must  be  provided  to  indicate  the  presence  of 
voltage  on   the  line. 

(b)  A  voltmeter  and  ammeter  must  be  provided  and  suitably  mounted  and 
connected,  as  a  part  of  the  control  equipment,  a/id  space  must  be  provided 
on   the  panel  for  mounting  a  watt-hour  meter. 

Marking.— (a)  A  name  plate  must  be  provided  giving  the  name  of  the 
manufacturer  and/  the   rating  of  the  equipment  ih   volts  and  amperes. 

(b)  All  line  and  motor  terminal  connections  must  be  suitably  marked 
so  that  they  can   be  readily  identified. 

Operating  Mechanism,  Combined  Manual  and  Automatic  Type. — (a)  The 
automatic  operation  shall  be  initially  actuated  by  an  approved  pressure  gov- 
ernor acting  directly  on  the  winding  pf  a  solenoid  or  other  device  or  devices, 
which  in  turn  shall  close  the  main  contact,  and  a  series  of  rheostatic  switches 
adtnitUng  current  to  and  cutting  out  starting  resistance'  from  the  motor 
circuits. 

(b)  The  period  of  motor  acceleration  shall  not  exceed"  to  seconds,  when 
operating  automatically,  '  and  such  acceleration  period  sTiall  be  governed 
either  electrically  or  by  a  suction  air  dash-p6t  or  other  mechanical  device, 
but  in  all  cases  the  governing  abtion  must  be  such  that  uiider  the  most 
severe  conditions  the  entire  starting  operation  will  be  positively  and  reliably 
completed. 

(c)  The  manual  operation  shall  be  obtained  from  a'  crank  or  lever  by 
which,  without  change  of  motion,  the  same  main  contact  and  rheostatic 
switches  that  are  controlled  automatically  shall  be  mechanically  closed  in 
proper  order. 

(d)  All  devices  must  automatically  return  to  the  off  position  in  case 
of  failure  of  voltage  or  in  case  the  operator  releases  the  handle  in  any  but 
the   full   running  position* 

(e)  The  arrangement  must  be  such  that  when  the '  motor  is '  started  and 
brought  to  full  speed  manually  its  operation  cannot  be  affected  by  the 
pressure   governor.  ' 

Panel  and  Cabinet. — (a)  Panel  must  be  constructed  of  a  high-class  elec- 
trical state  or  marble;  supported' by  an  iron .  frame,  ill  to  be  enclosed  in  a 
ventilated,  splash-proof  enclosing  cabinet  made  of  sheet  iron  or  steel  not 
less   than    No.    12   U.    S.   gauge   in   thickness. 

(b)  The  cabinet  must  be  provide(i  with  hinged  doors  of  the  same  material 
as  the  cabinet  both  front  and  rear,  and  the  swinging  radius  of  these  doors 
must    not   exceed    24   inches. 

(c)  The  supporting  frame  must  be  so  arranged  that  the  bottom  of  the 
panel    will    be   not   less   than    24   inches   above   the   floor. 

(d)  The    resistance  .elements  .may,    if   desired,   be  pi^^s^itdT^IOQl^ll   ven- 
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tilated   extension    of   the   enclosing   cabinet.      Glass   bull's   eyes   must   be   pro- 
vided in  the  doors,  one  directly  in   front  of  each  pilot  light. 

Installation 

Manual  Tyvz,-t~(^)  Must  be  looaWd  cU)$e'  t(/,  and  within  sig^i  of  the 
motor.  If  a  pump  room  used  for  no  other  purpose,  and  containing  no  other 
apparatus  except  the  fire  .pump^<it|$  Iflotor*  and  \  its  accessory  appliances,  is 
provided,   the   controlling  .equipment   must   be   placed   in   this   room. 

(b)' Must  DC  so  protected,  that  it  will  not  be  jn/ured  by  water  escaping 
from    pump    or    connections. 

(c)  Except  where  special  exception  is  made  by  the  inspection  department 
haying  jurisdiction,,  the  controlling  equipment  must  be  protected  against 
mechanical   injury   by   one   of   the   following  methods: 

••(d)   Grill  or  lattice  partitions  so  placed  as  to  completely  enclose  the  control 
panel    and'  starter. 

(e)  T^e  entire  equipment  of  panel  or  starter  may  be  enclosed  at  the 
^des,  front,  back  and  top  in  a  thoroughly  substantial,  ventilated  sheet  iron 
or  steel  cabinet,  not  Ifss  than  No.  12  U.  S.  metal  gauge  in  thickness,  with 
hinge4:  doors,  and  so  .arranged  that  the  bottom  of  the  panel  and  the  starter 
will    be   not   less   than    24   inches   abpve  -the   floor. 

(f)  Resistance  elements  may,  if  desired,  be  mounted  in  a  well  ventilated 
ex,ten3ipn   of   the   epclosing  cabinet. 

(g)  A  glass  bull's  ,eye  must  be  provided  in  the  door,  directly  in  front 
of    the;    pilot    light. 

Combined  Manual  and  Automatic  Type. — (a)  Must  be  located  in  the 
puipp  room  ^xcept  by  special  permission  of  the  inspection  department  having 
jt»vi$diction.     . 

(b)  A  steel  compression  tank  of  a  capacity  satisfactory  to  the  inspection 
departrrient  having  jurisdiction  '  will  be  required  as  part  of  the  equipment 
employing  automatic  controllers. 

.,.,•-■  « 

Test  for  Acceptance 

Manual  and  Combined  Equipments.— The  test  shall  consist  of  not  less 
than  two  nor  more  than  four  hours  of  continuous  and  successftfl  operation, 
figuring  hot  less  than  three  complete  operations  of  starter  per  minute.  The 
cabinet  shall  be  closed  at  this  begittrting  of  the  test  and  remain  closed  until 
after  the'  end  of  the  test.  The  temperature  inside  at  the  top  of  the  cabinet 
in  front  of  the  pariel  must  not  rise  more  than  90  degrees  Ceatigrade  (162 
degrees    Fahr.)    above   the   temperature   of   the   room   at   the   end   of   the   test. 
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GRAVITY  AND  PRESSURE  TANKS* 
WOODEN  TANKS 

1.  Size. — (a)  The  standard  sizes  of  wooden  tanks  for  fire  protection  are 
from  10,000  to  50,000  gallons  capacity,  although  they  are  sometimes  made 
larger. 

The  difference  between  sizes  is  usually  §,000  gallons.  Tanks  of  less  than 
10,000  gallons  capacity  are  not  included  under  these  specifications,  and  if  used 
these  specifications  should  be  followed  as  closely  as  possible. 

When  a  large  quantity  of  water  is  to  be  stored  above  a  building,  two  or 
more  tanks  should  be  used  so  that  the  protection  will  not  be  completely  cut 
oH   when   repairing  ,  one   tank. 

(b)  The  capacity  of  the  tank  should  represent  the  volume  of  water  available 
for'  fire  service  and  is  to  be  the  computed  volume  between  the  maximum 
water  level  and   the   outlet  level.  < 

2.  Shape. — ^Tanks  may  be  either  cylindrical  or  tapered  but  must  be  cir- 
cular in  section.  If  tapered  the  taper  on  each  side  must  not  exceed  ^  inch 
per  foot. 

3.  Material. — (a)  White  cedar,  cypress,  white  and  red  pine,  DouglaA  or 
Washington  fir  (Oregon  pine)  or  Redwood  must  be  ufied.  Lumber  must  be 
free  from  sap,  loose  or  unsound  knots,  worm  holes  and  shakes;  and  be 
thoroughly  air-dried. 

Tanks  of  the  best  white  cedar  and  those  of  good  cypress  are  about  equally 
durable,  and  will  last  at  least  fifteen  years  and  commonly  twenty  or  twenty- 
five    years. 

Climatic  conditions  should  be  considered  in  selecting  the  most  desirable 
wood   for  any   location. 

4.  Dressing  of  Lumber. — (a)  Staves  and  bottom  must  be  made  of  2%-inch 
(dressed  both  sides  to  about  2%-inch)  stock,  for  tanks  not  exceeding  16  feet 
diameter  or  16  feet  deep.  For  larger  tanks,  3-inch  (dressed  both  sides  to 
about  2% -inch)  stock  must  be  used. 

(b)  All  plank  must  be  full  length  and  without  splices. 

(c)  The  edges  of  staves  and  bottom  planks  must  be  jointed  on  a  planing 
machine  and  hand  jointed  with  a  fore-plane  or  machine  sawn. 

(d)  The  croze  (groove  for  receiving  the  bottonf>  must  be  cut  In  a  true 
line  and  at  a  uniform  distance  from  the  bottom  of  the  staves  and  not 
deeper  than  specified  in  table  on  page  621.  (The  croze  must  be  cut  with 
due  regard  for  the  pitch  of  the  stave  when  in  position  and  circular  in 
shape  so  as  to  be  completely  filled  by  tank  bottom  when  staves  are  well 
driven  up.  The  lower  edge  of  the  bottom  must  be  beveled  by  planing  and 
the  upper  edge  slightly  beveled  so  as  to  furnish  a  smooth  surface  to  fit 
the  croze. 

(e)  A  hole  must  be  bored  in  both  edges  of  each  stave,  about  jio  inches 
from  the  top  for  %-inch  maple  dowels  or  larger,  or,  small  metal  dogs  must 
be  driven  into  the  top  of  the  staves  to  hold  them  in  position  during 
erection. 

(f)  The  edges  of  each  bottom  plank  must  be  bored  with  holes  not  over 
3    feet   apart   for    %-inch   maple   dowels   or  larger. 

5.  Hoops. — (a)    The   hoops   must   be   round   in   cross  section. 

*  Regulations  prescribed  by  the  National  Board  of  Fire  Underwriters. 
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The  strength  of  a  tank  depends  chiefly  on  its  hoops.  Experience  shows  that 
dat  hoops,  especially  those  of  steel,  rust  from  the  ba^  side  where  they  bear 
against  the  staves,  and  serious  accidents  have  happened  by  hoops  bursting 
on   account  of   this  unobserved  corrosion. 

.  (b)  The  hoops  must  be  made  of  wrought  iron  or  mild  steel  of  good 
quality.  Wrought  iron  is  preferable,  however,  because  it  is  more  rust- 
resisting. 

The  wrought  iron  must  have  a  tensile  strength  of  at  least  50,000  pounds 
per  square  inch.  Steel  must  have  a  tensile  strength  of  55,000  to  60,000 
pounds    per   square    inch.  ^ 

(c)  There  must  be  no  welds  in  the  hoops.  Where  more  than  one  length 
of  iron  is  necessary,  lugs  must  be  used  to  make  the  connections,  and  the 
several    pieces   constituting   each    hoop    must    be    tied    together    for    shipment. 

Hoops  with  "upset"  ends  are  not  allowed,  because:  first,  *1|he  metal  is 
likely  to  be  burned  in  upsetting  unless  done  under  careful  supervision;  and 
second,  the  additional  diameter  is  likely  to  be  gained  by  welding  bolt  ends 
to  smaller  rods,  thus  introducing  a  weak  place  at  the  welds. 

When  the  screw  threads  are  cut  directly  on  the  ends  of  a  hoop  the 
unthreaded  portion  may  be  corroded  to  a  depth  equal  to  the  depth  of  the 
threads  without  weakening  the  hoop.  The  screw  thread  itself  is  not  so  liable 
to  serious  corrosion  as  is  the  portion  of  the  hoop  which  bears'  against  the 
staves,  sirrce  the  latter  is  subjected  to  moisture  from  the  wood. 

(d)  The  hoops  must  be  bent  in  the  shop  so  that  they  will  fit  closely  to 
the  staves  all  around. 

(e)  The  screw  threads  on  the  ends  must  be  made  tight  fits  in  the  nuts, 
and  they  must  be  U.  S.  standard  as  follows: 

Diameter    of   screw   ends %"       %"         i"         1%" 

Number  of  threads  per  inch. 10  9  8  7 

(f)  The  hoops  must  be  of  such  a  size  and  spacing  that  the  -stress  will 
not  exceed  12,500  pounds  per  square  inch  when  computed  from  area  at  root 
of  thread.     Hoops  must  not  be  less  than  %-inch  diameter. 

The  following;  table  gives  proper  working  strength  for  ho(^s  of  sizes 
commonly   used   baaed  on   this  allowable  stress: 


Diameter  of 

Round  Rod, 

Inches 

Area  of  Section 

of  Rod, 
Square  Inches 

Net  Area  at 

Root  of  Thread, 

Square  Inches 

Safe  Working 
J.oad. 
Pounds 

,1   ' 

.44" 
.60 
.79 
.99 

.30 
.42 
.55 
.69 

3.750 
5,250 
6,875 
8,625 

(g)  The  top  hoop  must  be  placed  within  2  inches  of  the  top  of  staves. 
No  space  between  hoops  to  exceed  21  inches.  The  hoops  must  be  so  placed 
that  lugs  will  not  come  in  a  vertical  line.  At  least  three  of  the  staves 
should  be  marked  before  leaving  the  shop,  showing  the  location  of  each 
hoop. 

(h)  The  spacing  of  hoops  may  be  figured  or  found  from  the  diagram  on 
page  620. 

The  depth  referred  to  is  the  distance  from  overflow  to  point  where  hoop 
is   to   be   located. 

The  following  example  will  best  show  the  use  of  the  diagram :  How  far 
apart  should  i-inch  hoops  be  placed,  at  15  feet  from  the  top?  on  a.  tank 
20  feet  diameter? Digitized  by  VjOOglC 
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15x20  =  300,  Follow  up  the  right  side  of  the  diagram  where  marked 
"Product  of  diameter-  (feet)  x  depth  (feet)"  till  you  come  to  300;  then 
follow,  the  horizontal  line  to  the  left  till  it  intersects  the  diagonal  line 
marked  "  i-inch  Hoop;"  then  follow  downward  to  the  bottom  of  the 
diagram,  and  it  will  be  seen  that  the  hoops  under  conditions  above  stated 
may  be  spaced  8%  inches  apart. 

In  a  similar  way  the  spacing  for  any  hoop  for  any  size  tank  may  be  found. 


-  —  2  S        _ 

Diagram    Showing   Allowable    Spacing   of   Hoops 

_       .      .    *  TT  .      •     1-  Safe    Load    for    given    Hoop   in    lbs. 

Spacing  of  Hoops  in  inches  =- 2 T- — '  /r^  < 3 — nrV^ci-; 

.  i.6  X  dia.    (ft.)   X  depth   (ft.) 

(i)  Extra  hoops  must  be  provided  near  the  bottom  to  take  the  additional 
load  due  to  the  swelling  of  the  bottom  planks.  For  tanks  up  to  20  feet 
in  diameter,  one  hoop  of  the  size  used  next  above  it  must  be  placed  around 
the  bottom  opposite  the  croze.  For  tanks  20  feet  or  more  in  diameter 
two   hoops   must   be   used   as   above. 

The  hoop  or  hoops  at  the  croze  are  to  be  counted  upon  as  taking  the 
water   pressure   of   half   the   space   above. 

:  (j)   The   sketches  on  pages   622   and   623   show   the  proper  spacing   of   hoops 
for    tanks    of    standard    sizes.  Digitized  by  VjOOQ IC 
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6.  Lugs. — (a)  Malleable  iron  lugs  as  strong  as  the  hoop  iron  must  be  used. 
An  acceptable  form  of  lug  is  shown  ifi  Figure  95.  Lugs  of  other  patterns 
may   be   used,   however,   after  first  having  been   approved. 

Cast-iron  lugs,  not  malleableized,  are  not  acceptable,  as  they'  are  liable 
to    crack. 


Fig.  95 — 'Lug  for  Ho(>ps 


7.  Dimensions  for  Tanks  of  Standard  Sizes. — (a)  Foi;  convenience  and 
illustration  the  following  table  giving  dimensipsns  for  a  few  thnks  of  certain 
sizes  is  added.  The  number  and  size  of  hoops  are  stated  and  the  spacing 
is  shown  on  pages  622  and  623.  The  proi>er  size  and  spacing  of  hoops  for 
tanks  of  other  dimensions  can  readily  be  computed  by  use  of  the  diagram 
on   page   620,   as   explained   under    Article   sh. 
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8.  Setting  Up. — (a)   The  joint  between-  staves  should  not  be  permitted  to 
come  nearer  than  ^  inch  in  line  with  a  joint  between  the  bottom  planks, 
y     (b)  In    setting    up    the   nuts    on   the   hoops,    special   care   should    be    taken 
that  they  are  not   set   up  so   tight  that  a   heavy   initial  stress   is   put   on  the 
hoops. 

(c)  At  least  one  extra  stave  should  be  sent  with  each  tank,  because  an 
extra  piece  may  be  needed  to  complete  the  tank  on  account  of  shrinkage. 
The    last   stave   should    be,  fitted   into   place    by   jointing  off   to  size    required. 

(d)  The  tank  must  not  be  exposed  to  the  weather  before  it  is  set  up 
and  pipe  connections  should  be  made  promptly  after  setting  up  so  that 
the  tank  may  be  filled  as  soon  as  possible. 


Allowable 
of  thread. 


ItHoops  I'dia.    MHoopt(dia.  SHoopsI'dia.  4lloopsl'dia. 
JIHoopsi  dia.  l2Noop8  f  db. 

Proper    Spacing   of    Hoops 
working   stress    12,500   lbs.    per   square   inch   on   section    at    root 


(e)  Tanks  should  be  painted  on  the  outside  of  staves  and  bottom 
planks.  The  hoops  should  first  be  painted  with  red  lead,  zinc  oxide  and 
linseed  oil  as  described  in  Article  36a. 

(f)  Tank  must  be  made  absolutely  water-tight  without  the  use  of  any 
caulking   or   lining  material. 

Leaks    are    due    to    faulty    material    or    poor    workmanship. 

9.  Roof. — (a)  Tanks  located  outdoors  must  be  covered  with  a  double  roof, 
an  acceptable  construction  being  shown  in  Figure  96.  It  must  consist  of  a 
tight  flat  cover  made  of  matched  boards  supported  by  joists  and  above  this 
a  conical  roof.  In  the  larger  sizes  the  conical  roof  must  be  supported  by 
rafters  extending  from  the  top  of  the  tank  to  the  peak  of  the  roof. 

(b)  The  conical  roof  must  be  covered  with  galvanized  sheet  iron  or  a 
good  composition  roofing  which  is  not  readily  ignitible. 
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(c)  The  joint  between  the  conical  roof  and  the  flat  cover  must  be  made 
tight  in  order  to  l^ep  out  the  wind  and  maintain  a  dead  air  space  between 
the  two  cover?.     Ot^e  metiiod  of  making  a  tight  joint  is  shown  in  Figure  96. 

10.  Hatches. — (a)  Hatches  must  be  provided  in  both  the  conical  and  flat 
covers  so  as  to  give  easy  access  to  the  interior  of  the  tank.  The  hatch 
covers  must  be  made  so  they  will  not  bind  when  swollen  from  dampness, 
and  the  hinges  and  fastenings  must  have  bearings  of  non-corrodible  metal 
such  as  brass.  The  covers  must  make  a  tight  joint  at  the  hatch  edges,  the 
one  in  conical  roof  to  have  edges  turn  down  over  raised  edges  of  hatch. 


4Hoop«  i'dia. 
KHoopsfdia. 


3  HoopsVdin 
tOHoopsidta. 
llHoopsl'diib 


4Hoop8fdia. 
l9Hoop»ldift. 


pR0P£R    Spacing   of    Hoops 

Allowable    working    stress    12,500    lbs.    per    square    inch   on   section    at 
of  thread. 


(b)  The  hatch  cover  in  tne  conical  roof,  when  hinged,  must  be  arranged 
to  open  to  one  side  (preferably  to  the  right)  in  order  that  it  may  be 
reached  in  all  positions  by  a  man ,  on  the  ladder.  When  cover  is  arranged 
to  slide  it  must  move  upwards  to  open. 

The  hatch  cover  in  flat  cover  may  be  set  loosely  in  place  without  hinges 
or  guides,  and  be  furnished  with  a  handle  so  that  it  can  be  readily  lifted 
off  and  set  to  one  side. 

Hatch-  to  be  located  preferably  on  southern  side  of  tank  and  must  not 
be  less  than  20  inches  by  26  inches,  inside  measure,  in  size.,  .  . 

Digitized  by  VjOOQ IC 
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11.  SUPPORTS. — (a)  The  weight  of  the  tank  must  be  supi)orted  entirely  from 
its  bottom;   and   in   no  event   should    any   weight   come   on   bottom   of   staves. 

(b)  There  must  be  a  clear  space  of  at  least  i  inch  between  bottom  or  out- 
side of  staves  and  balcony  when  used.     . 

12.  Discharge  Pipe. — (a)  The  dischargie  pipe  must  be  made  up  of  cast-iron 
or  wrought  pipe,  flanged  or  coupled.  Copper  gaskets  must  ht  used  between 
flanges. 

(b)  Size  of  discharge  pipe  to  be  specified  by  inspection  department  having 
jurisdiction." 

The  size  of  discharge  pipe  should  not  ordinarily  be  less  than  6  inches. 
In  small  equipments  with  a  short  run  of  pipe  a  4-inch  or  5-inch  pipe  may 
be  used.  For  sizes  20^000  to  75,000  gallons  inclusive  an  8-inch  pipe  is  sug- 
gested, and   for  sizes  ovir  75,000  gallons  a  to-inch  pipe. 
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Fig.  96— Arrangement  of  Double  Cover 


Cc)   The    pipe    should    preferably    leave    the    tank    bottom    at    its    center. 

(d)  When  the  pipe  drops  vertically  to  the  ground  level  the  pipe  must 
be  supported  on  an  underground  elbow  having  a  foot  piece  resting  on  a 
concrete  foundation^  and  the  elbow  should  preferably  be  flange-connected 
to  the  underground  pipe.  If  bell  and  spigot  connection  is  used  the  joint 
should  be  strapped. 

(e)  Except  where  tank  is  the  only  supply  to  the  system,  an  approved 
check  valve  must  be  placed  in  the  tank  didfcharge  pipfe,  underground  where 
feasible,  and  as  far  from  the  tank  as  practicable. 

Note. — For  tanks  on  detached  trestles,  check  valve  may  be  nfear  the 
footing  elbow.  It  is  desirable  to,  enclose  the  check  valve,  in  an  approved 
pit  so   as  to   be   readily  accessible   for   inspection   an^igi?iia*aiifA,jjOOQlC 
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(f)  Tank  discharge  must'  be  controlled  by  two  Approved  gate  valves,  one 
on  each  side  of  the  check  valve.  W^ere  'tank  discharge  pipe  runs  through 
a  building,  the  _  gate  valve  in  the  tank  side  of  the  check  must  be  located 
in  t^e  building  near  where  tank  pipe  enters.  _  With  tanks  on  detached  trestles 
where  discharge  pipe  enters  the  ground  the  gate  valves  may  be  either  outside- 
screw-and-yoke  or  other  approved  indicator  valves  in  pit  with  check,  or,  of 
the  post  indicator  valve  type. 

With ,  small  tanks  on  trestles  the  valve  nearest  the  tank  may  be  omitted 
with  the  permission  of  the  inspection  department  having  jurisdiction. 

The  pipe  and  valves  ^  must  be  installed  ,  promptly  so  tnat  the  tank  may  be 
filled  as  soon  as  possible  after  erection  to  avoid  drying  and  warping  of 
the    staves. 

(g)  The  pipe  must  be  braced  laterally  at  girt  connections  to  the  tower 
and  not  over  40  feet  apart.  Four  adjiistable  diagonal  rods  hot  less  than 
%-inch  diameter  to  be  used.  Where  standard  boxing  is  used,  the  rods  may 
be  attached  to  boxing  or  to  pipe. 

13.  Filling  Pipe, — (a)  FflHng  pipe  must  be  at  least  1%  Inches  diameter. 
•     (b)  When   tank   is   exposed   to   the  yeather,   the   pipe   must   be   carried   up 

inside  the  frost-proof  casing,  ancl'  extend  througl|  tank  bottom  to  discharge  at 
top  of  tank  above  water  level.  The  portion  of  pipe  inside  tank*  must  be 
brass.  The  pipe  may  be  run  up  outside  of  tanky  located  inside  buildings, 
(c)  Large  tanks,  particularly .  those  located  at  some  distance  from  the 
source  of  supply,  may  be  filled  through  a  by-pass,  around  check  valve.  Size 
to  be  2  inches  for  discharge  pjpe  of  6  inches  or  less  in  diameter,  3  inches 
for  8-ineh  discharge  and  4  inches  for  lo-inch  discharge  or  larger.  An 
approved  globe,  outside-screw-and-yoke  or  post  indicator  valve,  ordinarily  kept 
closed,  to  be  provided  in  the  by-pa|8. 

14.  Drain. — (a)  An  approved  2-inch  outsMe-screw-and-yoke  gate  or  globe 
valve  must  be  provided  on  nipple  connected  to  discharge  pipe  above  valves 
to   drain   tapk   and   riser. 

(b)  A  suitable  outlet  must  be  placed]  in  tank  bottom  to  drain  the  settling 
basin. 

»5.  !^xPANSiON  Joint. — (a)  When  a  tank  is  supported  by  a  structure  30  feet 
or  more  in  height,  whether  on  the  ground  or  on  a  building,  an  expansion 
joint  of  the  type  shown  in  Figure  97  must  be  provided  in  the  discharge  pipe 
At  the  tank  connection. 

In  cases  where  a  tank  is  located  lii  a  heated  enclosed  tower,  a  four-elbow 
swing  joint  maybe  used. 

(b)  The  tank  connection  may  be  made  by  threading  a  hall  coupling  over 
the  stuffing  box  find  bearing  against  an  annular  washer,  as  shown  in  Figure 
3,  or  by  bolts  passing  through  the  tank  bottom.  • 

(c)  The  gland  must,  be  of  brass  and  a  brass  ring  must  be  provided  at 
bottom  of  packing  space  so  that  sliding  contaot  will  be  between  brass  and 
iron  surfaces. 

Expansion  joints  having  iron'  to  iron  sliding  contact  have  given  trouble 
in  service,  because  of  lireakage  of  fittings  and  loss  of  water  from  tank  due 
to   rusting  and  sticking  together   of  thjc  parts. 

(d)  The  gland  bolt  nuts  must  be  of  brass. 

(e)  A  minimum  clearance  of  %  inch  must  be  .provided  between  the  riser 
pipe   and   the   cast-iron   stuffing  box. 

(f)  The,  stuffing  box  casting  must  be  extended  to  project  4  inches  ..within 
the  tank  .to  insure  a  minimum  capacity  for  a  settling  basin  to  .prevent 
sediment  depositing  in  the  pipe  system  and  to  keep  the  packing  free  from 
sediment.  The  riser  pipe  must  also  be  fitted  so  that  the  upper  end  is  about 
5  inches  below  top  of  expansion  joint.  Digitized  by  CjOOQIC 
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Note. — The  extension  piece  is  installed  to  insum  a  settling  basin  of  the 
desired  depth  even  if  the  .discharge  pipe  should  be  cut  somewhat  shorter 
than    intended. 

(g)  A  large  packing  space,  i  inch  wide  by  5  inches  deep,  must  be  pro- 
vided so  as  to  make  it  unnecessary  to  repack  the  joint  except  at  long  intervals. 

(h)  A  good  packing,  such  as  asbestos  wicking  soaked  with  rape  oil  and 
graphite,   must  be   provided   in   stuffing   box. 

16'.  Overflow. — (a)  The  overflow  pipe  must  be  2  inches  in  diameter  for 
tanks  up  to  30,000  gallons  capacity  and  3  inches  in  diameter  for  larger  tanks. 

A  short  length  of  2-inch  pipe  will  discharge  about  100  gallons  per  minute 
when  the  surface  of  the  water  is  three  inches  above  th?  center  of  the  pipe. 

(b)  The  top  of  the  overflow  pipe  must  be  placed  3  inches  below  the 
top  ojf  the  staves.  , 

(c)  The  overflow  pipe  must  ^tend  through  the  bottom  or  side  of  tank. 
In  the  latter. case  it  must  project  beyond  the  balcony. 

(d)  The  overflow  pipe  should  not  be  brought,  out  through  the  riser  •  boxing. 
,  Jhis  arrangc;<Bent  has  caused  trouble  on  account  pf   freezing. 


Fig.  97— ^Expa^asion  Joint  for  Wooden  Tanks 


17.  Heating. — (a)  Arrangements  must  be  made  to  warm  the  water  in 
tanks  where  subject  to  freezing.  The  temperature  of  the  water  should  not 
be  allowed  to  go  below  40  degrees   F.  or  above   160  degrees  F. 

Note. — When  the  tank  is  in  an  enclosure  such  as  a  mill  tower,  tb«  heating 
system  of  the  mill  mav  be  used  to  heat  the  tower  so  that  no  further  heating 
apparatus  will  be  needed. 

Thte   following   heating  methods  are   acceptable: 

I.  Circulation  of  Warm  Water.  The  heater  to  consist  of  coils  of  pipe, 
preferably  of  brass,  enclosed  by  a  water  jacket.  The  discharge  pipe  from 
heater  must  be  enclosed  in  the  frost-proof  boxing  or  other  covering  of  tank 
drop  and  terminate  in  an  open  tee  at  about  the  middle  of  tank.  Discharge 
pipe  at  no  point  to  be  lower  than  the  heater;  must  be  provided  •  with  ex- 
pansion joint  or  four  elbows,  and  must  be  properly  braced  near  its  top 
inside  of  tank.  There  should  be  a  properly  deisigned  relief  valve  on  this 
pipe  between  the  heater  and  discharge  iralvc. 

The  return  pipe  to  heater  must  be  connected  to  tank  drop  on  the  tank 
side  of  tank  check  and  must  be  without  pockets.  Heater  must  be  ^  located 
that  there  will  be  circulation  of  water  in  all  of  the  pipe  exposed  to  frost, 
and  always  be  located  at  or  near  the  base  of  tank  drop  and  below  frost 
line  when  tank  drop   is  exposed   for   its  full   length   and  enters  the   ground. 

When  the  tank  is  on  a  tower,  which  is  close  to  a  building  or  above  it, 
the   heater  may  be   placed   within   the   building.       Digitized  by  CjOOQ IC 
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The  heater  may  be  operated  by  either:  (a)  Steam,  if  constant  and  of 
sufficient  pressure,  and  preferably  by  a  direct  pipe  frbm  boiler.  A  steam 
trap  must  be  provided  at  heater  for  condense4  steam,  with  a  high  pressure 
boiler  (lo  pounds  or  over);  (b)  Hot  water  if  constant  and  of  proper  tem- 
perature; (o)  A  small  coal  or  gas  heater  of  ample  strength  to  resist  tank 
pressure.  Heating  capacity  ample  for  size  of  tank  must  be  provided,  and 
if  necessary  two  or  more  heaters  should  be  installed.  If  heater  is  in  a  pit 
under  tank  tower,  pit  must  be  of  ample  size  to  allow  ready  access  for 
inspection  and  maintenance.  If  coal  or  gas  is  used  for  heat,  the  heater 
mu^;be  installed  in.  a  fire-resistive  enclosure.  A  thermometer  must  be  located 
in  the  return  pipe  at  or  near  the  heater  to  give  the  temperature  of .  the 
water.  Where  the  discharge  and  return  pipes  of  the  heater  are  run  inside 
of  a  building,  it  is  advisable  to  provide  gate  valves  on  these  as  close  to 
where  they  leave  the  building  as  possible,  so  as  to  save  water  damage  in 
the  building  in  case  of  a  break  in  the  pipes. 

2.  Steam  Coil.  A  steam  coil  of '  brass  pipe  may  be  placed  In  tank  securely 
fastened  6  inches  above  the  bottom.  This  must  be  supplied  by  a  steam 
pipe  of  ample  siae  running  direct  from  boiler  belpw  frost  line  up  through 
the  frost-proof  boxing.  Return  pipe  should  be  run  along  ^  side  of  the  feed 
pipe.     Condensed  steam  must,  be  properly  cared  for  by  a  trap. 

3.  Steam  Jet.:  This  may  be  used,  where  conditions  warrant,  with  the  per- 
mission of  the  Underwriters  having  jurisdiction.  A  steam  pipe  at  least  i 
inch  in  diameter  should  be  run  direct  from  boilers,  below  frost  line  where 
necessary,  andl  up  through  the  frost-proof  boxing>  of  the  tank  discharge 
through  bottonv  of  tank.  It  should  extend  to  a  point  above  the  surface 
of  the  water  a«4  then  turn  down  at  least  3  feet.  A  vent  must  be  provided 
at  upper  level  of  piipe  to  prevent  siphoning  back.'' 

18.  FROST-FfcOOFiNO  FOR  PiPES* — (a)  The  discharge  and  hot  water  or  steam 
pipes,  and  separate  filling  pipe  when  one  is!  needed,  for  a  tank  on  a  tower 
on  the  ground  or  roof  of  a  building,  must  he  protected  fr<tei  freezing  by  a 
frost-proof  covering;  in  addition  to  having  the  water  in  the  discharge  pipe 
heated. 

The  frost-proof  covering  should  not  be  depended  upon  to  prevent  freezing 
of  the 'pipes  without  some  heat  being  added.  Most  tanks,  for  fire  protective 
purposes  have  no  da;aft  from  ;them  except'  in  case  of  fire,  therefore  the 
water  in  the  discharge  pipes  has  little  or  no  circulation.  For  this  reason, 
these  pipes  need  mor^  thorough  protection  than  d9  pipes  in  similar  positions 
which  discharge  from  tanks  in  which  there  is  nearly  constant  circulation, 
as  for  example  in  a  village  supply.  Therefore  the  amount  of  protection 
to  be  provided  for  a  certain  pipe  must  be  decided  with  due  regard  to  the 
severity  of  exposure  to  cold  winter  wJrids,  frequency  of  circulation  in  the 
pipe  and  amount  of  heat  to  be  supplied. 

The  stai^dard  frost-proof  boxings  are  made  of  wood  and  are  cii-cular  or 
square  in  sectiyn  as  shown  in  Figures  98  and  99  respectively. 

The  boxings  may  be  made  more  durable  by  using  stock  which  has  been 
antiseptically    treated. 

(b)  A  good  tight  joint  must  be  made  between  boxing  and  bottom  of  tank. 
The  lower  end  of  boxing  must  be  supported  by  the  sides  of  the  pit,  which 
must  extend  about  a  foot  above  ground.     The  woodwork  must  be  well  painted. 

Sheet  lead  or  tarred  paper  should  be  placed  between  bottom  of  boxing 
and  the  pit  to  avoid  absorption  of  moisture.  ' 

(c)  The  upper  part  of  boxing  must  be  constructed  so  as  to  permit  of  access 
to  the  expansion  joint  without  the  necessity  of  destroying  any  portion  of 
the  boxing. 

(d)  The  boxing  must  be  made  four-ply,  with  two  air  spacers,  for  ^  tanks  in 
Northern  .Capada.  It  must  be  three-ply,  with  two  air  spaces,  ^s  shown  in 
Figures  98  and  99  for  tanks  in  New  England,  New  York^ti^y^fef©0^^o, 
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Michigan  and  Wisconsin.  Two-ply  boxing  with  two  air  spaces  must  be 
used  in  states  immediately  south  of  this  section.  This  boxing  may  also  be 
used  in  the  Southern  States  or  else  the  pipes  may  be  wrapped  with  felt 
and   tar   paper   and   covered   with   canvas   well   painted. 

■  19.  Gauge. — (a)    An   approved    form   of   telltale    for   showing   the    height  of 
water  in*  the  tank  must  be  provided. 

(b)  The   following  telltales  are  aceptable: 

1.  Approved    Sprinkler    Supervisory    Device.      (Signaling    Rules.) 

2.  Mercury    Gauge. 

(a)    As  this  gauge    is   connected    to  the   yard   pipe   it   is   a   separate   fitting 
which    is    not    furnished   by   the    tank   builders    unless    definitely    included   in 
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Fig.  98 — Circull^r  Frost-ProOf  Boxing 


their  contract.  The  gauge  will  usually  be  furnished  by  the  sprinkler  con- 
tractor who  installs  the  riser  pipe,  although  it  may  be  installed  by  the 
owner   if   desired.      Mercury   should    be    filtered. 

(b)  An   approved  design   of  gauge   is   shown   in   Figure    100. 

(c)  Jhe  gauge  must  be  installed  in  a  convenient,  warm,  inside  location 
so  that,  the  graduated  board  will  be  in  plain  sight  for  reading,  and  the 
mercury   pot    easily   accessible    for   maintenance. 

As  a  first  rough  approximation,  the  distance  of  the  center  of  the  mercury 
pot  below  the  center  of  the  gauge  board  may  be  taken  as  7%  per  cent  of 
the    height   of   the    top    of   the    tank   above   the   board. 

When  a  location  thus  chosen  proves  satisfactory,  set  up  apparatus  as 
shown  in  Figure  6,  placing  the  board  more  exactly  by  locating  the  top  of 
the  scale  "A"  a  distance  in  feet  above  "B"  equal  to  17  per  cent  of  the 
pressure  at  "  B  **  in  pounds  per  square  inch  (or  7.4  per  cent  of  height  in 
feet  of  the  water  level  above   "  B  "),  when   the  tank  is  ftilbOglC 
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Connect  pipe  "  C  **  to  the  tank  riser  on  the  tank  side  of  the  check  valve, 
burying  all  underground  pipe  'well  below  frost  and  protecting  other  pipe 
where  exposed  to  frost. 

Locate  air  and  test  cock  "  D "  at  a  convenient  point  for  testing  with 
^auge  board  in  plain  sight.  Remove  plug  "  E  "  and  with  valve  '**  F  "  closed, 
fill  the  mercury  pot  with  mercury  through  opening  at  "  E "  until  the  glass 
window  '*  G "  is  covered,  then  fill  to  overflowing  with  water  and  insert 
plug  "  E."  Open  valve  "  F  "  and  cock  "  D  "  until  water  flpws  fi;eely,  then 
close  cock  "  D."  Finally  with  the  tank  filled  to  level  cji  the  overflow, 
adjust  gauge  board  so  that  the  "full"  mark  comes  opposite  the  mercury 
level  in  the   glass  tube,   and  then  secure  the  board  firmly  in  place. 

(d)  The  gauge  should  be  tested  occasionally  to  insure  that  it  is  in  proper 
operative  condition   as  follows: 


Fig.  99 — Square  F^ost-Proof  Boxing 


ist.  Open  cock  "  D.*'  This  should  cause  mercury  level  to  lower.  Close 
"  D  "  and  note  if  mercury  level  rises  to  former  point.  If  it  does  not,  then 
valve   "  F  "  is  proliably  closed  or  pipe   *'  C  "  is  plugged. 

2nd,  Note  if  mercury  can  be  seen  through  glass  window  '*  G."  If  not, 
close  valve;  *'  F  "  and  fill  mercury  pot  as  directed  above. 

Be  sujre  to  leave  valve  "  F  "  open  and  sealed. 

3.  Flofet  telltales. 

Float  teUtale  to  consist  of  a  float  of  ample  size  and  buoyancy,  such  as 
a  tight  caA,  connected  to  a  non-corrosive  chain  or  flexible  cable  of  ample 
strength.  This  should  run  over  suitable  non-corrosive  pulleys  and  must 
be  boxed  where  exposed  to  weather.  Chain  should  run  down  through  a 
pipe  of  not  less  than  ^-inch  diameter  and  register  on  a  dial  located  either 
at  foot  of  trestle  or  in  first  story  of  building.  Dial  must  be  marked  off 
in  feet;  must  be  solid  on  back  and  sides  and  be  protected  by  netting  or 
glass  on  front. 

Where  upper  part  of  tank  is  used  for  factory  service  or  where  there  is 
a  reliable  ball  float  with  oonstant  water  pressure  in  filling  pipe,  the  telltale 
may  be  omitted  by  permission  of  the  inspection  department  having  jurisdiction. 

20.  I^ooERS. — (a)  A  steel  ladder  must  be  provided  on  the  outside  of  the 
tank,  extending  to  the  top,  so  as  to  afford  easy  access  to   the   hatch  in   the 

(b)  The    ladder    must    be    constructed    with    not    less    tH^lf ^ '^  ^-fflft^  ^&t 
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side  bars,  spaced  not  less  thail  14  inches  apart,  and  not  less  than  %*tnch 
round  or  %-indh  square  rungs,  spaced  not  more  than  12  inches  apart.  The 
rungs  must  be  riyeted  through  slotted  holes  in  the  side  bars  to  prevent 
their    turning.      The    square    rungs    must    be    placed    corner    up. 

(c)   Ladder  must  be  secured  to  steel  grillage  or  balcony  supports  by  flat  bar 
brackets  in  such  a  way  as  to  propefly  support  the  weight  of  the  ladder  and 
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Fig.  100 — Mercury  Gauge 


1,000    pounds   in   addition.      Ladder   must   be   at   least   6   inches   from   side   of 
tank. 

(d)  The  ladder  must  extend  about  18  inches  above  the  side  of  tank,  then 
arch  downward  to  the  cover  to  form  a  handrail,  as  shown  In  Figure  96,  so  that 
a  man  standing  near  its  top  can  readily  reach  up  and  open  with  his  right 
hand  the  hatch  cover  in  tank  roof.  The  handrail  should  be  made  of  not  less 
thin    %-ihch    round   rod. 

(e)  A  substantial  wooden  ladder  must  be  provided  inside  of  the  tank  extend- 
ing from  the  trap  door  to  bottom  of  tank.     Must  be  made  of  at  lea.st  2-inch 
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by  4-iiich  side  pieces  and   i-inch  by  2-inch   cleats  securely  set  in  and  spiked 
to  the  side  pieces. 

21.  Lightning  Roos^ — Wooden  or  concrete  tanks  in  locations  fc object  to 
thunder  storms  must  be  equipped  with  lightning  rods.  These  must  be  in- 
stalled according  to  the  rules  of  the  National  Board  of  Fire  Underwriters. 

STEEL  TANKS  ON  TRESTLES 

22.  Size. — (a)  The  tfsual  sizes  of  steel  tanks  for  fire  protection  are  from 
20,000  to   150,000  gallons  capacity  although  they  are  sometimes  made  larger. 

When  a  large  quantity  of  water  is  to  be  stored  above' the  building,  two 
«r  more  tanks  should  be  used  so  that  the  protection  will  not  be  entirely 
cut  off  when  repairing  one  tank. 

.  (b)  The  capacity  of  the  tank  should  represent  the  volume  of  water  which 
is  available  for  fire  service  and  is  to  be  the  computed  volume  between  the 
maximum  water  level  and  the  outlet  level. 

GAPAGITISS  of  cylinders  and  tank  BOTTOMS 
U.  S.  GALLONS 
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23.  Forw.— '(a)  Tanks  must  be  cyHftdrical  with  hemisphetical  dr  elliptical 
bottoms,  except  where  conditions  do  not  permit  a  curved  bottom,  in  Which  case 
a  flat  bottom  may  be  us^d. 

24.  Plates. — (a)  The  steel  for  tank  plates  must  be  made  bjr'  the  open 
hearth  process.  The  cylindrical  plates  must  have  an  ultimate  strength  of 
from  55,000  to  65,000  pounds  per  square  inch,  and  the  bottom  plates,  45,000 
to  S$»obo  pounds  per  square  inch.  The  steel  must  withstand  a  coH  bending 
test  of  180  degrees  flat  upon  itself  to  a  diameter  not  greater  than  thickness 
of  plate  without   fracture  of  the  outside  btfnt  surface. 

(b)  The  thickness  of  the  plates  for  the  tank  and  balcony  must  be  not 
less  than  %  inch.  For  60,000-gallon  tanks  and  larger  the  plates  of  the 
low«st   cylindrical    ring   must    be    not    less    than    5/16    inch    thick,   and    for 
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tanks  75,000  gallons  and  larger  the  bottom,  plates  must,  be  not  less  than 
'  S/i6  inch  thick.  Flat  bottom  plates  must  be  made  %  inch  thicker  than  the 
lowest  cylindrical  ring  in  all  sizes. 

The  thickness  of  the  roof  plates  must  be  not  less  than   %  inch. 

(c)  The  rings  of  plates  of  the  cylindrical  portion  must  be  placed  •  with 
the  lower  edges  outsi4e  the  upper  edges  at  the  lap  joints. 

(d)  The  joint  .hptween  the  cylindrical  portion  and  the  bottom  must  be 
made  by  lapping  the  lowest  rihg  over  the  plates  of  the  bottom  on  the  outside. 

(e)  The  joints  for  the  seams  of  the.  bottom  cylindrical  plates  must  be 
lapped.  '  '' 

(f)  The  plates*  must  all  be  formed  cold. 

35.  RivBTS.— (a)  The  steel  for  rivets  must  be  made  by  the  open  hearth 
process.  It  must  have  an  ultimate  strength  of  from  48,000  to  58,000  pounds 
per  square  inch,  an  elastic  limit  not  less  than  one  half  the  ultimate  strength, 
and  an  elongation  of  26  ptr  cent. 

(b)  The  shearing  stress  on  rivets  must  not  exceed  '7,500  pounds  and 
bearing   stress    15,000   pounds   per   square   inch^ 

(c)  Rivet»  tntist  have  fiill  heads  cdhcentric  with  rivet*  'of-  a  'hefght  not  less 
than  6/10  the  diameter  on  outside'  of  tank,  but  low  cone  heads  are  acceptable 
for  inside. 

(d)  Rivets  when  driven  must  completely  fill  the  holes  and  :  be  in  full 
contact   with  surface, .  or   be  couotersunk   when,  so  required. 

26.  Rivet  6olbs; — (a)  I^lates  %  inch  to  %  inph  in  thickness  may  be 
punched.  The  diameter  of  the  punch  must '  not  exteed '  the  diameter  of  the 
rivet   by   more   than    1/16   inch. 

(b)  Plates  %  inch  to  %  inch  in  thickness  muslt  be  subpunciied  with  a 
punch  1/16  itich  smaller  in  diameter'  than. the  ndminal  size  of  the  rivets 
and  must  be  reamed  to  a  linished  diameter  not  more  than  1/16  inch  larger 
than   rivet.  j  ; 

(c)  Plates  thicker  than  %  inch  must  be  drilled  1  to  a  diameter  not  V  more 
than  1/16  inch  larger  than  rivet.  I 

27.  RivETiKG. — (a)  All  rivets  must  be  entered  from  the  outside  of  the 
tank  and  driven  from  the  inside. 

(b)  The  joints  of  the  tank  plates  must  be  riveted,  so  that  the  ^nit  stresses 
on   the   net  section   of  the  plates  and   rivets   will  not  exceed   those  specified. 

(c)  The  spacing  between  rivets  along  the  caulked  edges  of  plates,  except 
at  column  connections,  must  not  be  greater  than  ten  t£mes  the  thickness  of 
plates.  The  spacing  along  the  edges  of  plates  whi^h  are  not  caulked  must 
not  exceed  6  inches  nor  16- times  the  thickness  of  the  thinnest  outside  plate. 

28.  Assembling. — (a)  Drift  pins  must  be  used  onty  fpr  bringing  the  parts 
together  and  must  not  be  driven  with  such  force :  as  to  disturb  the  metal 
around  the  rivet  hole. 

(b)  The  tank  must  be  made  absolutely  water-tight  by  caulking  along  the 
edges  from  the  inside  of.  the  tank  wit^  a  round  nosed  tool.  CauUdng  must 
be  done  before,  painting. 

Foreign  material  such  as  lead,  copper  filings,  cement,  etc^,  must  not  be  used 
in   the   joints   between   the   plates.  ,      .  .      1       .       . 

29.  Circular  Girder.*— (a)  When  the  posts  have,  a  batter,  it  is  necessary 
to  oppose  the  inward  thrust  exerted  by  them  on  the  t^nk  by  a  circular  girder 
placed  ,in  such  a  position  with  regard  to  the  connection  that  the  bending 
moment   produced    in    the   posts   is    a    minimum.  . 

The  use  of  structural  steel  members  within  the  tank  in  place  of  the 
circular  girder  is  not  acceptable. 

(b)  The  girder  must  be  not  less  than  24  inches  in  width  except  when 
posts  are  vertical,  when  it  may  be  reduced  to   18  indies,  &ttd<  must  have  a 
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web  plate  not  less  than  ^4  inch  thick.  It  must  be  stiffened  at  the  edges  by 
flange  angles,  channels  or  other  structural  shapes.  It  must  be  designed  to 
support   a   i,ooo'pound>  concentrated   load  applied  verticaNy  at   any  point. 

(c)  When  it  is  necessary  to  cut  into  the  web  of  the  girder  at  the  post 
connections  to  the  tank,  the  depth  of  the  cut  must  be  kept  a  minimum  and 
the  opening  must  be  thoroughly  reinforced. 

(d)  Where  splices  are  made  in  the  girders,  there  must  be  sufficient 
strength  at  these  points  to  carry  the  load  of  the  inward  thrust. 

(e)  Holes  must   be  punched   in   the   web  of  the   girder  to  allow   drainage. 

30.  Balcony. — (a)  A  balcony  must  be  provided  on  all  tanks  on  towers 
30  feet  or  higher.     The  circular  girder  will. serve  as  a  balcony  for  steel  tanks. 

(b)  A  railing  about  3  feet  high  must  be  provided  around  the  balcony.  It 
should  be  built   of  angle   irons  and   well  stiffened   sidewise. 

(c)  Drain  holes  must  be  provided  in  the  balcony  floor  when  design  is 
such  that  it   dof&s'not  'tflTow  water  to   run  over  edge. 

31.  CoNNECTi^K  dtp  Po^TS  TO  TANK. — (a)  In  ordcr  'to  avoid  eccentric 
loading  in  the  j  posts  and  local  stresses  iii  tHe  tank  plates,  the  connection 
between  the  posts 'aqd  thp  tank  must  be  made  in  such  a  manner  that  the 
center  of  gravity  of  the' column  section  shall  intersect  the  tank  at  the  center 
of  the  girder  |;oni)ection^  An  acceptable  design  is  shown  in  Figure  loi. 
Other  designs  %re  |a|lsd  acceptable,  but  Ihese  should  be  approved  by  the 
inspection  departonent  hjftv^ng  jurisdiction. 

32.  ExpANsioIr  Joi«T,--H(a)  When  a  taiik  it  supported  by  a  structure  30 
feet  or  more  in]  height,  whether  on  the  ground  |or  on  a  building,  an  expansion 
joint  of  the  typj;  shown  in  Figure  102  must  be  provided  in  the  discharge  pipe 
at  the  tank  coi^neii;tipti. 

In  cases  where  a  task  h  located  in  a  heated'  enclosed  tower,  a  four-elbow 
swing  joint  may  be  used.  >  , 

(b)  The  expaasioii ,  joint  may  be  connected'  to  tank  by  rivets,  as  shown 
in  Figure   102,  br  b^i  bolts  with  lead  gaskets  and  steel  washers. 

(c)  The  gland  miiit  be.  of  brass  and  a  brass  ring  must  be  provided  at 
bottom  of  paclq^ng  space  so  that  sliding  cont^t  will  be  between  brass  and 
iron  surfaces.    '  '         ' 

Expansion  joints  having  iron  to  iron  slidii^  contact  have  given  trouble 
in  service  because  of  breakage  of  fittings  and  a*  loss  of  water  from  tank 
due   to   rusting  ;(a»ld   sticking  together   of  the  parts, 

(d)  The  glan^  bolt  nuts  must  be  of  b{-ass. 

(e)  A  minimtlm  cleafaiike  of  ^  inch  must  be  provided  between  the  riser 
pipe  and  the  cast-iron  Stuffing  box. 

(f)  The  stuffiiig  box  casting  must  be  extended  to  project  18  inches  within 
the  tank  to  insure  a  minimum  capacity  for  a  settling  basin  to  prevent  sedi- 
ment depositing  I  id  the  pipe  system,  and  to  keep  the  packing  free  froin  sedi- 
ment. A  wrou|rbt  iron  6ipe  may  be  thre^ed  int<3|  the  casting  to  form  an 
extension  piece  if  dteil-ed.  The  riser  pip^  must  a|so  be  fitted  so  that  the 
upper  end  is  abont    12   inches  below  top  of  expansion  joint. 

See  note  under  isf. 

(g)  A  large  packing  space,  i  inch  wide  by  5  inches  deep,  must  be  pro- 
vided so  as  to  make  it  unnecessary  to  repack  the  joint  except  at  long  intervals. 

(h)  A  good  packing,  such  as  asbestos  wicking  soaked  in  rape  oil  and 
graphite,   must  be   provided   in  stuffing   box. 

33.  Roof. — (a)  A  sheet  .metal  roof,  not  less  than  %-inch  thick  and  conical 
in  shape,  must  be  provided  on  tanks  located,  outdoors.  The  joints  of  the 
plates  must  be  lapped  and  riveted.  The  joints  between  the  roof  and  the 
top  of  the  tank  must  be  made  tight  in  order  to  keep  out.  the  wind  and 
maintain  a  closed  air  space  above  the  surface  of  the  watery  ^OO^l^ 
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The  api^arance  of  the  tank  is  improved  by  having  the  roof  project  be3r(md 
the  tank  the  same  distance  as  the  balcony. 

(b)  A  finial  made  of  cast  iron,  zinc  or  galvanieed  sheet  iron  must  be 
tightly   fitted   to   apex   of   roof. 

34.  Hatches. — (a)  A  hatch  not  less  than  20  inches  by  26  inches,  inside 
measure,   mudt   be   provided   in   the   roof    (on   south    side   when   feasible),   so 


Action  at  Balcony. 


a-a 


Fig,   101 — Post  Connection  to  Tank  , 

as  to  give  easy  access  to  the  interior  of  the  tank.  The  hinges  and  fastenings 
must  be  made  of  some  non-corrodible  metal,  such  as  brass,  or  have  non- 
corrodible  hinge  pins  and  bearings.  The  cover  must  make  a  tight  joint  and 
its  edges   must   tiirri   down   over   raised   edges   of   hatch. 

(b)  The  hatch  cover,  wheii  hinged,  must  bfe  arranged  to  open  to  one 
Side  (preferably  to  the  right),  in  order  that"  it  may  be  reached  in  all  posttioos 
by  a  man  on  the  ladder.  When  cover  is  arranged  to  slide,,  it  mujst  move 
upwards  to  open.  Digitized  by  vjOOQ IC 
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35-  Painter's  Trolley. — (a)  Some  reliable  form  of  trolley  or  other  accept- 
able device   must  be   provided  to   facilitate  repainting  of   the  tank. 

36.  Painting. — (a)  The  plates  must  be  given  a  priming  coat  at  the  shop. 
The  surface  of  the  metal  must  be  thoroughly  cleaned  of  mill  scale,  rust 
and  grease  and  the  surface  must  be  perfectly  dry  T>efore  applying  the  paint. 

A  good  paint  for  the  first  coat  may  be  made  by  mixing  20  pounds  of  red 
lead  and  io  pounds  of  zinc  oxide  With  about  3  quarts  of  bbiled  Itriseed  oil, 
the  red  lead  and  zinc  oxide  beittg  ground  in.  This  will  cover  about  50 
square  yards  of  surface.  • 

(b)  A  second  coat  must  be  applied  after  the  tank  is  erected.  For  this 
coat    a   more   durable   oil   or   asphaltum   pailht   must   be   used. 


Ti"  - 

i   1 

h 

Fig.  102 — Expansion  Joint  for  Steel  Tanks 


37.  Typical  Dim^insions  for  Tanks  of  Standard.  Sizes. — fa)  The  fol- 
lotnng  tiable  gives  the  typical  dimensions  of  cylindrical,  hemispherical  bottotned 
tanks  of  standard  sizes.  Other  dimensions  which  provide  the  full  net  capadities 
are  equally  acceptable. 


Capacity-Gallons 

'      SiEE — Feet  and  Inches 

Rated  or 
Apttrdxlihate 

Actual  Net 

Total 

EHameter 

Height 

30,000 
40,000 
50,000 
60.000 
75,000 
100,000 
150,000 

30,036 
40.045 
50.004 
60,148 
75.089 
100,166 
150.223 

30,516 
40,610 
50.613 
60.800 
75,788 
100.959 
151,164 

15-0 
17-0 
lfr-0 
l»-0 
20-0 
22-0 
25-0 

18-1 

IS:? 

22^-4 
.      25-7 
28-2 
32-10 

The  height  given  is  that  of  the  cylindrical  portion.  The  method  of  calcu- 
lating   the    net   capacity    is    explained    in   Article    21b. 

38.  General  Features- — (a)  The  requiriements  for  discharge  and  filling 
pipes,  overflow,  drain,  heating  and  frost-proofing, .  mercury  gauge  and  ladders 
are  given  in  section  on  wooden  t^hks,  except  as   folkps^d  by  VjOOQ  IC 
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(b)  The  ladder  must  be  securely,  fastened  by  flat  bar  brackets  of  sufficient 
strength  to  carry  the  weight  of  the  ladder  and  1,000  pounds  additional.  The 
ladder  must  extend  about  18  inches  above  the  side  of  tank,  then  arch  down- 
ward to  the  cover  to  form  a  handrail,  as  shown  in  Figure  2,  so  that  a  man 
standing  near  its  top  can  readily  reach  up  and  open  with  his  right  hand 
the  hatch  cover  in  tank  roof.  The  handrail  should  be  made  of  not  less  than 
%-inch  round  rod.  A  steel  ladder  of  the  same  construction  as  for  outside 
ladders  must  be  provided  inside  tank.  The  ladder  must  extend  down  to 
within   easy   reach   of   the   expansion   joint. 

(c)  Top  of  overflow  pipe  to  take  out  one  inch  from  top  of  tank. 

CARE  Of  TANKS 

39.  General. — (a)  Tanks  vpr  |ire  ^irotpcfton  should  not  be  used  for  other 
purposes  except  with  the  permission  of  the.  inspection  department  having 
jurisdiction.  ;'        | 

The  practice  of  using  a  ,4Foot  for  s(| :  of  water  for  mill  purposes  from  the 
top  of  a  tank  is  objectiomble;!  becausel  when  so  used  the  tank  collects  a 
larger  amount  of  sediment  Jfrom  ;^he  water  which  is  constantly  being  supplied 
•than  it  does  when  used  lor  fii3e(  service  pnly.  This  sediment  is  likely  to 
settle  in  the  sprinkler  pipes,  and  either  to  clog  th^m  completely,  or,  in  case 
sprinklers  open,  to  seriously  interfere  with  their  discharge.  If  water  is 
d^awn  from  the  bottom  for  mill  purposes,  the  tank  may,  of  course,  be  empty 
when  needed  for  the  Are  service.  ■  Furtherinore  the  fluctuation  of  water 
level  is  liable  to  result  in  shrinkage  of  the  upper  ends  of  the  staves,  and 
leakage.  , 

Where  water  is  clean  and  without  sedimpnt,  part  of  the  tank  may  be 
used  for  domestic  purposes  With  permission  of  the  inspection  department 
having  jurisdiction. 

(b)  Tanks  should  be  thoroughly  examined  at  least  twice  a  year  to  see 
that  they  are  In  good  order. 

(c)  The  sediment  which  collects  in  the  tank  bottom  should  be  cleaned 
out  when  it. reaches  the  top  of  the  expansion  joint  casting.  \ 

(d)  Examine  flat  hooips  on  old  tanks  very  carefully  to  see  if  they  are 
rusting  from  the  back.  If  they  are  found  to  be  corroded  so  as  to  i^aterially 
weakest  them,  the  tank  should  be  strengthened  by  placing  new  hoops  of 
round  iron  between  the  flat  hoops,  or  by  replacing  the  flat  ones  with  round 
hopps  of  ptoper  size  and  spacing. 

A  flat  hoop  may  be  in  perfect  condition  at  one  point  and  nearly  rusted 
off  within  six  inches  of  that  point.  Flat  hoops  rust  more  rapidly  where  they 
do  not  fit  tightly  Against  the.  staves,  because  dirt  collects  there  and  holds 
the  dampness..  In.  making  anj  examination  of  flat  hilops  place  a  round  hoop 
on  each  side  of  one  of  the  lower  flat  ones,  witliin  easy  reach,  then  strike 
this  flat  hoop  with  a  pointed  hammer  at  intervals  of  a  few  inches  to  detect 
thin  places.  ;  ! 

PaiPticu^r  aljtention  should  be  given  to  tanks  located  on  roofs  and, covered 
with  corrugateid  iron  as,  un^rtunately,  som^  building  laws  require.  The 
hoops  corrode  '•  very  rapidly  on  account  of  the  dampness  h^d  between  the 
corrugated  iron  ai)d  the  staves,  and  they  mhy  be  round  n<»arly  rusted  off 
in  a  few  years  after  erection*  ■  • 

(eX  The  insijde  and  ohtside  vai  the  tank  shquld  be  repainte{l  frequently  or 
when  the  paint  shows  signs  ot  peeling.  The !  surfaces  must  f^st  be  carefully 
cleaned-  by  a  iand  blast  or  by  steel  brushes  and  scrapers.  iThe  metal  must 
be  thoroughly  ;dried  before  thi  paint  i$  applidd.  ^ 

:      :  1         ■      1     .    .  ■    i  ■  .  ■    ■ 

SPECIFICATIqInS  for  StEEL  TOWfeRS 

These  specifications  are  intended  to  produce  steel  towers  which  are  strong 
and  reliable  and  involve  no  features  which  necessitate  .'radical  changes  in 
present  shop,  practice  or  equipments.  The  towers  must,  in  addition  to  con- 
formifag  to  the  specifications,  be  satisfactory  in  the  composition  of  materials, 
construction  of  the  parts  and  workmanship.  Digitized  by  VjOOQ IC 
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40.  Height. — (a)  The  height  of  the  tower  shrill  be  the  vertical  distance 
from  the  top  of  the  capstpnes  of  the  foundations  to  the  outlet  level  within 
the    tank. 

41.  Form. — (a)  Towers  for  supporting  tanks  of  sizes  up  to  and  including 
150^000  gallons  capacity  should  preferably  have  four  posts.  Ip  those  few 
cases  where  larger  ta^ks  are  used,,  the  towers  may  have  six  post^  Short 
towers    for   tanks   on   buildings   may   have    three   posts.- 

Four-posted  trestles  are  considered,  preferable  to  those  Ojf  .more  posts,  for 
the  reason  that  the  members  are  larger  and  less  liable  to  be  impaired  by 
cprrosion  and  also  more  likely  to  carry  the  proportion  of  the  load  for  which 
they   are   designed.  ' 

In  designing  a  tank  trestle,  there  should  be  as  few  angles,  comers  and 
pJaces   which   are    difficult   to   paint,   as   possible. 

42.  Batter  of  Posts. — (a)  The  post  panels  must  hav^  a>.  batter  of  not 
less  Xk&n  I  to  12,  except  w^re  coi\ditions  do  not  permit* 

43.  MATEfiiAL. — (a)  The  pteel  ^or  the  structural  members  must, be  made  of 
medium  grade  of  from  55,000  to  65,000  pounds  uUimate  str^^ngth  and  an 
elastic  limit,  of  not  less  than  one  half  of  the  ultimate  strength.  Qefpr^  or 
after  heating  to  a  low  cherry  red  and  cooling  in  water  to  82  degrees  ]^., 
the  steel  must  stand  bending  to  a  curve  whose  inner  radius  is  i^^  times  the 
thickness  of  the  sample  without  cracking. 

(b)  The  thickness  of  the  metal  of  structural  members  carrying  load 
must  be  not  less  than  ^  inch  except  in  the.  case  of  channels.  This  speci- 
fication does  not  apply  to  auxiliary  fittings  such  as  fillers,  railing,  balcony 
brackets  on  grillage,  etc.  .      .  >  > 

44.  Rivets. — Rivets  must  have  full  heads  concentric  with  rivet  of  a  height 
not  less  than  6/10  the  diameter. 

See  also  Section  25a  and  d,  and  Sectiqn  57.  . 

.45.  Riveting. — (a)  All  connections  m.ust  be  riveted  except  those  of  ^he 
wind  rods  when  made  adjustable,  and  the  balcony  railing. 

See  also  48  b. 

■(b)  The  minijipoium  distance  between  centers  of  rivet  holes  must  he  three 
diameters  of  the  rivets,  but  the  distance  shall  preferably  be  not  less  than  3 
inches,  for  %-inch,  2^  inches  for.  %-inch  and  2.  inches  for  %-iach  rivets. 

(c)  The  maximum  distance  between  centers  of  rivet  holes  ■  must  never 
exceed  6  inches. 

(d)  The  maximum  pitch  in  the  line  of  stress  for  members  composedj  of 
plates  and  shapes  nuist  be  6  inches  for  %-inch,  5  inches  for  %-inchi  and  4 
inches  fpr  %-liv;b.  rivets,  and  must  not  exceed  twice  this  amount  where  there 
are  two  or  more  gauge  lines. 

(e)  The  minimum  distance  from  the  center  of  any;  rivet  hole  to  sheared 
edge  must  be  1%  inches  for  %-inch,  i}/i  inches  for  %-inch,  i  inch  for  %-inch 
rivets,  and  to  a  rolled  edge   1%  inches,   1%  inches  and  %  (nch,  respectively. 

(f)  The  maximum  distance  from  edge  must  be  eight  ^mes  the  thickness  of 
the  plate,  but  must  not  exceed  6  inches. 

(g)  The  diameter  of  rivets  in  any  angle  carrying  calculate4  stri^ss  must  not 
exceedv!4  the  width  of  the  leg  in  which  they  are  driven..  In  minor  pafits 
%-inch  rivets  may  be  used  in  3-inch  angles^  %-inch  in  2V&-inch  angles  and 
,%-tnch  rivets  in   2-inch  angles. 

(h)  The  pitch  of  rivets  at  the  ends  of  built-up  compression  members  must 
not  exceed  four  diameters  of  the  rivets  for  a  length  (equal  to   ;%  times  the 
maximum  width  of  the  member. 
.(i)  Hand-driven  rivets  must  not  be  larger  than  %-inch  diameter. 

46.  Compression,  Members. — Ca)  The  metal  in  compression  members  njust 
be  concentrated  as  much  as  possible  in  webs  and  flanges,  and  the  numbers 
must  be  of  approved  types.  Digitized  by  CjOOQ IC 
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.(b)  Coyer  plates  must  have  a  thickness  not  less  than  1/40  of  the  distance 
between  rivfet  lines.  When  cover  plates  are  used,  only  one  should  be  provided 
on   each   post. 

The  Piosts  should  be  constructed  so  that  all  parts  are  accessible  for  paint- 
ing, '{or   which   reason   the   use  of   two  cover,  plates  is   not  a'llowable. 

(c)  Post  members  built  up  of  two  angles '  placed  star-shape,  must  have  pairs 
of  tie  plates  or  tie  angles,  spaced  so  that  the  distance  between  pairs  will  not 
exceed  the  following: — 

Size    of    post    angle  4"  5"  6*  8" 

Spacing    of    ties  24"  36"  42"  48" 

There  must  be  at  least  two  rivets  connecting  each  tie  to  each  angle,  the 
ntunber  to  be  increased  with  increase  in  sice  of  post  angle. 

(d)  Struts  must  be  connected  to  columns  through  gusset  plates  and  in 
such  -a  mai^ner  that  the  coltinins  are  rigidly  supported. 

(e)  Abutting  joints  in  compression  members  must  be  ^ced  for  bearing  so 
that  the  stirfaces  will  be  finished  as  smoothly  as  by  milHng. 

(f>  The  joints  must  be  spliced  on  four  sides  to  carry  the  maximum  tension, 
or  half  the  maximtim  compression,  in  the  posts,  the  design  requiring  the  most 
riVets'  to  be  used.  There  must  not  be  less  than  two  rows  of  rivets  on  each 
side  of  the  joint  where  size  of  post  member  permits.  Joints  with  abutting 
faces  not  finished  equal  to  milling  must  be  fully  spliced  so  that  rivets  will 
transmit  the  compression  load. 

(g)  Joints  must  be  placed  as  near  panel  points  as  possible  and  never  more 
than   18  inches  above. 

(h)  Where  foundations  are  set  in  soft  clay  or  comparatively  loose  earth  a 
lower  chord  should  be  provided. 

47.  Lattice. — (a)  The  size  of  rivets  for  latticing  channel  flanges  of  various 
widths  must  be  as  follows:  %-itith  rivets  for  flanges  less  than  2H  inches 
Wide,  %-inch  rivets  for  flanges  2%  inches  to  3%  inches  wide  and  %-inch 
rivets  for  flanges  3^  inches  and  wider. 

(b)  The  minimum  width  of  lattice  bars  for  compression  members  built  up 
of  channels  must  conform  to  the  size  of  rivets  used  as  follows:  2^4i  inches 
for  %-inch,  2%  inches  for  %-inch,  2  inches  for'  %-inch  rivets. 

(c)  T6e  thickness  of  lattice  bars  must  be  hot  less  than  1/40  the  distance 
between  end  rivets  for  single  lattice  and   1/60  for  double  lattice. 

(d)  The  inclination  of  lattice  bars  with  the  axis  of  the  member  must  be 
not  less  than  45  degrees. 

(e>  When  the  distance  between  rivet  lines  in  the  flanges  is  more  than  15 
inches,  if  single  riveted  bar  is  used,  the  lattice  must  be  ddubled  and  riveted 
at  the  intersection. 

48.  Grillage. — (a>  For  towers  to  support  wooden  tanks,  a  grillage  of  steel 
I  beams  must  be  provided.  These  are  to  be  supported  by  and  bolted  to  post 
cip  I  beams  which  must  be  braced  by  steel  work  or  be  strapped  to  the  cap 
beams  to  prevent  overturning.  An  acceptable  form  of  construction  is  shown 
in   Figure   103. 

(b)  When  struts  are  not  provided  at  top  of  posts  belOw  the  post  cap  beams, 
the  latter  must  be  riveted  to  the  cap  plates.  When  striits  are  provided,  the 
beams  may  be  bolted  to  the  plates. 

(c)  The  grillage  beams  ^must  be  spaced  so  as  to  properly  support  the  tank 
bottom  ^nd  not  to  exceed  18  inches  in  the  clear  between  flanges. 

(d)' A  balcony  should  be  installed  on  every  tank. 

(e)  The  balcony  supports  must  consist  of  steel  members  riveted  to  the 
grillage  beams.  They  must  csrry  a  1,000-pound  concentrated  k>ad  applied 
vertically  at  any  point.     An  acceptable  fcrm  of  support  is' shown  in  Figure  103. 

49.  Cap  AND  Base  Pistes. — (a)  The  cap  and  base  plate9  must  be  made  of 
steel.  Digitized  by  CjOOQ IC 
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(b)  The  base  plates  must  be  of  sufficient .  thickness,  size  and  properly  stif- 
fened so  that  the  masonry  shall  be  loaded  uniformly  and  not  overstressed. 
An  acceptable  design  of  base  plate  for  angle  i^-on  posts  is  shown  in  Figure  104. 
and  for  channel  posts  in  Figure  105.  Other  designs  which  are  equally  good 
are  also  acceptable  but  should  be  approve(|i  by  the  inspection  department  having 
jurisdiction. 

50.  Anchok  Bolts. — (a)  ^he  columns  must  be  anchored  to  the  foundations 
by  means  of  anchor  bolts  made  of  wrought  irpn  or  mild  steel  without  upset 
ends.  ! 

(b)  The  diameter  of  bolti  a|  ro«t  of  thread  must  be  such  as  to  withstand 
the  maximum  uplift  produced  by  the  wind.  No  bolt  shall  be  less  than  %-inch 
diameter.  The  bolts  mt<st  also  be  of.  sMfficient  strength  to  resist  the  shearing 
force  at  the  column  footing. 

(c)  The  bolts  must  have  anchor  plates  not  liess  than  %-tncb  thick  under 
the  nut  and  set  in  ,the  foundation  pier  several  inches  above  t^he  bottom. 


Fig.   I  ©3 — Arrangement  of  Grillage 

When  structural  steel  shapes  are  used  as  plates  they  may  be  less  than 
i^-inch   thick. 

51.  Wind  Bbacing. — (a)  The  wind  bracing  may  be  made  either  of  wrought 
iron  or  steel  rods  arranged  for  tightening  or  built  up  of  riveted  structural 
members. 

(b)  The  rods  may  be  either  round  or  square  and  if  provided  with  upset 
ends  must  comply  with  Franklin  Institute  standard  and  in  no  case  have  less 
than  IS  per  cent  excess  area  at  the  root  of  the  thread  over  the  nominal  cross 
section  of  the   rod. 

(c)  The  ends  of  the  rods  must  be  fitted  with  either  clevis  nuts  or  forked 
ends.  Clevis  nuts  must  be  made  to  dimensions  pf  the  Cleveland  City  Forge 
and  Iron  Co.  standard.  The  design  of  forked  ends  is  shown  in  Figure  106 
and   the  dimensions   are   given   in   the   table. 

(d)  Rods  having  forked  ends  must  have  turn-buckles  for  tightening.  All 
turn-buckles  must  be  of  the  open  type  and  made  to  dimensions  of  the  Cleve- 
land City   Forge  and.  Iron  Co.  standard.  Digitized  by  GOOglC 
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FiC.  104 — Base  Plate  for  Angle  Post 


Fig.  105 — Base  Plate  for  Channel 
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'i(e)  All-Borew  thraads  tnttst  be  made  tight* fits  in  the  nuts  aMd  tbrn^buokks. 
They  mast' be  U.  S;' •  staiidArd  Except  for  dioneters  greater*  thao' r%' inches 
when  they  wittbt  haVie  six  tftteads  per  inch  as  'follows':*^  '  '  !  •;"   . 

Diaknete*  of  icrew  endsj  '      •  1"     •      •  i%"         i%<"  >      t%^  'land  greater! 

Number  of   threads  per  inch,  8  ,7,..'  •        7  >    !$i,,..  ,  .    . 


-r 

Fig.   106 — Forked  Ends 
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P  shoulcl  b^  made  large  enough  to  .give  a  besfrin^  stress  for  the.  pin  not 
exceeding  20,000  bounds  pet'  squard  inch.  '  C  equals  thifckness  'o't  plate 
plus    i/r6  inch.         -  '      ■  ''-  '         '  "^  •  ' 

52.  Pins. — (a)  The  pins  must  be  made  of  rolled  steel.  '  '         '' 
ih)  The  'pins  ttiust  hfeve  a  head  on  *fne>^^d;  and  prorvlded  Wfth  a 'nut 'at*  the 

other  end.     They' 'ttust  be   iri9tl-t*d  d^rtvn-^ratKiS.    It  t«   advised   ihat  ^bolts  ^bfc! 
headed  over  the  nut.  .  .1!  .m     -  <  i    '•■  ■[..     '-  -     .  

53.  Foundation  Piers. — :(a)  The  piers  must  be  pyramidical  in  shape,'  .with 
full  or  stepped  sides,  and  the  height  mu^t  be  not  less  than  the  meah  width. 

(b)  Wheta  columns  are  inclined, ' the  pieri  must' be' 'ciesigtil^d  'So 'that  the 
resultant  of  the  vertical  >  and  .horizontal  forces  due  to  direct -loads  Shall  pass 
through  thti  tefehtcr  of  gravity".  ' 

(c)  The  piesa  must  be  carried  bekiw  frost  line  '«nd..the  topa  must  be  about 

12  inches  above  ground.  ,  ,  ,        .    •   <i  < 

In  no  case  should  learthl.or  ashes,  be  fiUed  in  aboui'Mthe- steel  work,  •  as 
this  might  result  in  severe  corrosion  of  it.  j    r 

(d)  The  weight  of  thfc  pier  whien  buried  fdr  at  least  two-thirds  of  its  h^^ht 
must,  be  equivalent  to  the  calculated  net.  uplift;  otherwise,  the  weight  must  be 
one  and  one-half  times  this  amount.  ' '  - ' 

(e)  The  piers  must  be  constructed  of  concrete,  consisting  of  one  part'I|t>xt- 
land  cement,  three  parts  clean  sand  and  five  parts  hrokea  stqne  or  gravel. 

(f)'The  capstones,  if  constructed  of  concrete,  must  -consist*  of 'onte'  pirt 
Portland  Oement^rone  $nd  one-half  parts  ctean  sand  <and' three  pftrts  brc^n 
stoncv ,        ,.••  ..■!      .  .        ••  -  ■■•      .f       ,  .'         ■  .  ,!' 

(g)  The  top  of  pier  must  be  of  such  size  that  there  will'  be'at- leaitgl/imshes 
aU>r.around  the  base  plate,  as  shown  in   Figures   104  apd,  105.'    ,,      .    !     ■:.   '! 

34.  Ladders. — (a)  A  steel  ladder  must  be  provided  on  one'  post  esitending 
fro^  a  point  within  easy  reach  from  the  ground  to  the  balcony.  It  must  npt 
tip  outward,  from  the  vertical  at  any  point,     ,        ...  i    [digitized  bvCjOO^l'G:  » 


642  Fire  Prevention  and  Protection 

(b)  The  lad<kr  must  be  constructed  with  not  lessthdn.a  x  %-inch  iflat  side 
bars,,  spaced  not  less  than  14  inches  apart,  and  not  less  than  %-inch  round  or 
%-inch  square  rungs,  spaced  luot  more  than  12  inches  apart. ^  The  rungs  must 
be  riveted  through  slotted  holes  in  the  side  bars  to  prevent  their  turning  The 
square  rungs  must  be  placed  corner  up. 

(c)  The  sections  o^  the  ladder  must  be  connected  by  single  butt  st/aps  of 
the  same  size  as.th«  sidp  bars  and  have  at  least  two  %-inch  bolts  in  each  aide 
of  strap.  '         .    ., 

(d)  The  ladder  ^musl  be  secured  to  the  post  every  10  feet  by  flat  bar 
brackets  about  6  inches  long,  of  sufi&cient  strength  to  carry  the  weight  of  the 
ladder  and  i,o<]fo  potMi^s  additional.  The  brackets  must  be  connected  at  each 
end  by  at  least  two  %-inch  bolts.  ,  The  ends  of  the  bpits  must  be  riveted 
over  the  nuts.  '. 

5$.  Painting. — (a)  The  steel  work  must  be  painted  as  directed  in  Article  36, 
items  a  and  b, 

56.  Loads. — (a)  The  dead  load  shall  consist  of  the  weight  of  the  tank, 
structural  and  ornamental  steel  work,  platforms,  roof,  piping,  etc. 

(b)  The  live  load  shall  consist  of  the  weight  of  the  total  volume  of  water, 
the  movable  load  on'  the  platform,  and  the  wind  load. 

(c)  The  live  load  on  the  platform  shall  be  assumed  to  be  30  pounds  per 
square  foot. 

(d)  The  wind  pressure  shall  be  assumed  to  be  30  pounds  per  square  foot 
acting  in  any  direction.  In  calculating  the  wind  load  on  the  tank,  this 
pressure  is  assumed  to  act  on  6/10  the  projected  area  of  the  tank  including 
the  roof,  and  in  the  case  of  steel  tanks  the  hemispherical  bottom. 

(e)  The  total  wind  pressure  on  posts,  struts,  wind  rods,  ladders  and  riser 
boxing  shall  be  assumed  to  be  200  pounds  per  foot  of  height  of  tower. 

(f)  All  parts  o^  the  structure  must  be  proportioned  so  tjiat  the  sum  of  the 
dead  and  live  loads  shall  not  cause  the  stresses  to  exceed  those  which  are 
allowable.  •   •. 

,,57,.Un»t  S^fKESsss  AND  pRQPOH.TiQN.iOF  PARTS.'— Thc  maximum  stresses  must 
not  Q)(Ofed  the  following  amounts  in  pounds  per  square  incl^:-TM 

Axial  tension:   on   net  section,  wind  and  anchor  rods....; 1 5*000 

plates 10,000 

Axi^l.  compression  on  gross  section  of  columns  and  struts 12,000 

This  stress  shall  be  reduced  by  the  focmula   i7,ioo-'-57— where 

3 
'*  r*'   is   the   unsupported   length   of   the   member   from   center   to 
center  of  connections  in  inches,   and  "  r  "  is  the  least  radius  of 

gyration'  of  section  in  inches.   'The  ratio—  must  ftotexeeed    125 

2 
for  columns  and   150  for  struts  and  minor  members. 
Bending:    on  extreme  fibres  of  rolled  shapes,  built  sections,  struts  and 

steel    castings;    net    section ; ..."...,. .•.'..  16,000 

.  .Footing  I.  beams  set  on  brickwork  or  concrete;  net  section 12,000 

Pins , . .  1 .' , 20,000 

Shearing:  '  Shop  driven  rivets  arid  pins. to,ooo 

Field    driven    rivets >. •....•  7,500 

.  BoJts. , ..; , 6,000 

Plates.   ■ , 1 0,000 

Bearinfif:    shop  driven   rivets  and  pins 20,000 

Field •  driven    rivets. .  1 1 5,000 

58-  Allowaelb  Pressures  on  Bearing  Plates.— (a)  In  proportioning  the 
size  of  bearing  plates,  the  following  allowable  pressures,  in  pounds  per  square 
hichyshould  be  used: — 

Portland   cement   concrete 400 

Sandstone    (first    class) .; 400 

Limestone    .(firsit    class) ..,..,....., , 500 

Granite    (first   class) '. r..^ . . ,' 600 

Hard  brick  with  Portland  cement  niortar '..'.,  Digiizsdtiy.W.O.O.Q . ; aoo 
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When  beafing  plate  is.  to  support  tank  above  roof  of  building^  the  brkk- 
work .  (bard  brick)  with  Portland  -  cement  mortar  should  be  figured  on  the 
basis  of   125  pounds  per  square  inch^ 

Allowable  pressures  on  soil  will  range  from  i  t«  5  tons  per  square  ■  foot, 
depending  on  whether  the  soil  is  soft  clay,  ordinary  clay,  dry  sand  and  clay. 
Iiard  clay,  or  gravel  and  coarse  sand.  • 

PRESSURE  TANKS 

59.  CAPACitY. — Total  capacity  of  .  tank  must  be  specified  by  the  inspection 
department  having  jurisdiction. 

Sizes  less  than  4,500  or  over  9,000  gallons  are  not  recommended.  In 
cases  where  pressure  tanks  are  the  primary  supply  to  dry-pip^  systems  it  Is 
advisable  to  provide  a  larger  tank  capacity  than  would  be  required  for  an 
equivalent    number   of   sprinklers   on    a   wet-pipe   system. 

60.  Location. — Tank  not  to  be  located  below  upper  atoi'y  of  buildin^^''" 

61.  Tank  Service. — Tanks  to  be  used  only  as  a  supply  to  automatic 
sprinkler  systems  and  hand  hose. 

62.  CowsTRUCTioN. — (a)  Material.  Must  be  of  open  hearth  flange  steel  con- 
forming' to  the  American  Society  for  Testing  Materials  Specifications.  Each 
plate  must  have  a  test  mark  12  inches  from  each  cotner  and  one  in  Ihe  center. 

Thickne^  of  plates  of  the  cylindrical  shell  mUst  •  be  determined  by  the 
following  formula  :*-n. 

Pxr  X  5* 


%xS 
'     T  =  Thickness  of  cylindrical  shell  plate  in  inches, 
r  ss  Radius  of  cylindrical  tank,  v 

5  =  Factor  of  safety.  ' 

S  =  Ultimate  tensile  strength  of  steel.  .  , 

P  =  Normal  working  pressure  in  pounds  per  square  inch. 
%  =s  Efficiency  of  longitudinal  seam. 

(b)  Heads.  Thickness  o^  heads  must  be  determined  by  the  following 
formula: —  , 

Pxrx5   , 

T  = 

06xS 

Radius  of  dish  of  head  must  be  equal  to  the  diameter  of  the,  tank. 

In  case  of  tanks  of  odd  diameters  the  inspection  department  having  juris- 
diction may  allow  a  variation  of  3  inches  either  above  or  below  the  diameter. 

Radius  to  be  used  in  formula  for  heads^  to  be  the  radius  of  the  tahk  which 
is  one-half  the  radius  of  the  head.  * 

Hicads:  must  be  dished  concave  to  the  pressure.'  Corner  radius  of  dished 
-heads  to  be  not  less  than  ohe-sixteenth  of  the  radius  of  the  tank,  the  corner 
radius  to  be  measured  on  the  concave  side  of  the  head. 

(c)  Seams.  Longitudinal  seams  must  be  butt  joint,  with  inside  and  outside 
butt  stra<>8  and.  pl&ced  beiow  the  water  line.  Not  more  than  one  seam  is 
allowed  in  eaeh  course. 

The  minimum  thickness  of  butt  straps  must  be  as  follows:— 

Thickness  of      Minhnum  Thickness      Thickness  of      Minimum  Thickness 
Shell  Plates  of  Butt  Straps  Shell  Plates  of  Butt  Straps 


A'  '  \y.  Digitized  to'LiOOgle 
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Butt  straps  to  be  rolled  or  formed  to  the  proper  curvature  on  forms  made 
foe  that  purpose.  Maxiikum  length  of  contlnuou«  longitudinal '  joint  not  to 
exceed  12  feet.  Girth  seams  may  be  lap  joint,  single  riveted,  but  must  have 
a  factor  of  safety  of  at  least  5. 

Rivets.  Rivet  steel  to  conform  to  the  American  Society  for  Testing  Mate- 
rials Specifications  for  Rivet  Steel.  On  longitudinal  joints,  the  distance  from 
the  center  of  the  rivet  hole  to  the  edge  of  the  plate,  except  rivet  holes  in 
the  ends  of  butt  straps,  shall  not  b^  less  )thah'i%  times  the  diameter  of  the 
rivet  hok.  Rivet  holes  must  be  drilled  in  place,  or  punched  %  inch  smaller 
and  reamed  to  size.  Seams  must  be  caulked  tight  outside  under  test  pressure. 
All  caulking  must  be  done  by  a  round  nose  tool. 

In  cal^tilating  the  eRiciency  of  seams,  unless  data  is  available  from  actual  tests 
of  materials,  the  following  constants  are  to  be  used: — 

Ultimate  tensile  strength  of  steel  platet  lbs.  per  sq.  in 55,000 

Ultimate  crushing  strength  of  steel  plate,  lbs.  per  sq.  in. . '. dS.OOO 

Shes^ng  strength  of  rivets: — 

iron  rivets  in  single  shear 38,000 

Iron  rivets  in  double  shear. '  70,000 

Steel  rivets  in  single  shear 42,000 

.     Steel  rivets  in  double  shear 78,000 

(d)  Manhole.  Must  be  placed  below  the  water  line,  and  not  exceed  ix'x  15 
inches  in  size.  The  manhole  frame  or  other  reinforcing  ring  should  be  of 
wrought  iron  or  cast  steel,  and  have  a  net  cross  sectional  area,  on  a  line 
parallel  to  the  axis  of  the  shell,  not  less  than  the  cross  sectional  area  of  the 
shell  plate  removed  on  the  same  line,  and  this  reinforcement  should  be  at 
least  as  thick  as  the  shell  plate.  The  strength  of  the  rivets  in  shear  on  all 
manhole  frames  and  reinforcing  rings  must  be  not  less  than  the  tensile 
strength  of  the  plate  removed,  on  a  line  parallel  to  the  axis  of  the  shell, 
through  the  center  of  the  manhole.  The  short  axis  of  the  manhole  opening 
must  be  parallel  with  the  axis  of  the  shell;  to  facilitate  reinforcement. 

(e)  Outlet  and  Other  Openings.  Discharge  fitting  must  be  placed  in  the 
bottom  of  thp  tank  projecting  '2  inches  within  the  tank  to  prevent  sediment 
depositing  in  the  sprinkler  pipes.  Fitting  may  also  be  used  for  connecting 
the  1%-inch  water  filling  pipe  to  the  tank.  Inlet  for  air  supply  to  be  i  inch, 
and  placed  at  proper  point  for  upper  gauge  glass  nipple,  where  suitable  con- 
nections can  be  made  for  both  purposes;  or  2-inch  inlet  may  be-  made  at  a 
proper  point  above  the  water  line  into  which  both  the.i^-inch  water  filling 
pipe  and  the  i-inch  air  filling  pipe  may  connect  to  proper  valves  to  be  pro- 
vided, as  noted  in  RuIq  64  d.  • 

Brass  nipples  must  be  provided  for  these  inlets  and  also  for  the  %-tnch 
fitting  needed  to  complete  the  gauge  glass  connections.  An  approved  auto- 
matic valve  must  be  provided  at  each  end  .of  gau^e  glass.  A  2*-inch  nipple 
extending  at  least  6  inches  into  tank  should  also  be  provided  at  the  end  of 
water  inlet,  to  prevent  surging  or  "  foaming  "  of  water  when  tank  is  l>etng 
filled.  Any  opening  for  a  threaded  pipe  connection  i  inch  in  diameter  or 
over  must  have  not  less  than  the  minimum  number  of  threads  in  such  opening, 
as  shown  in  the   foUowi&g  table:— ^ 

Size  of  pipe  connection  in  inches 1'  and  If     li"  and  2'      2^-4'       4K-6' 

Number  of  threads  i!)er  inch Hi  Hi  8  8 

Minimum  number  of  threads  required 

in  opening 4  5  7  8 

Minimum  thickness  of  material  re- 
quired to  give  above  number'  of 
breads ,..,         .348'  .435'  .875'  1* 

If  the  thickness  of  the  materitirin  the  tank  is  pot  sufficient  to  give  audi 
number    of    threads,    there   shall    be    a   standard   commercial   pressed   or   cast 
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Steel  flange  or  steel  plate,  .substantially!  riveted  to  the  tank  so  -as  to  give 
the  required  number  of  threads.*  > 

Size  of  discharge  muiit  be  4,  inckes  in  tanks  up  to  5,000  gallons  capacity 
and   must  be   6  inches   for   larger  sises^    - 

There  should  be  a  swing  joint  in  discharge  pipe  directly  itn^i^^i  j^car 
the    tank.  -         ,      ■  ..Digitized  by  ^ 
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63.  Test. — ^Tank  must  be  tested  at  the  shop  and  proved  tight  at  a  hydro- 
static pressure  of  at  least  50  per  cent  in  excess  of  the  normal  working 
pressure  required.  After  erection,  the  tank,  two-thirds  full  of  water,  must 
be  tested  at  the  working  air  pressure  required.  In  this  condition  and  with 
all  valves  closed,  tank  must  not  show  loss  of  pressure  in  excess  of  ^  pound 
in    24    hours. 

PRESSURE  TANK   FOR    SPRINKLER   SYSTEM 

fsmssK 


'  RNii  View'  ai^d  t^tAit  of  Piping 


NOTATION    t 
A  connection  from  tank.         "  "^ 
B  connection  from  tanjc. 

C  shut-off  valves  of  best  quality,  to  be  k^pt  closed. 
D  water  gage  of  best  quality.  '> 

E  shut-off  valve  of  best  quality. 
F  check  valve  of  best  quality^ 
G  shut-off  valve  of  best  quality. 
H  check  valve  of  v  best  quality. 

•I  shut-off  valve  of  best  quality,  to  be  secured  open.  > 

J  dial  pressure  gage  of  best  quality  reading,  to  1 50  lbs. 
K  shut-off  valve  of  best  quality,  to  be  secured  closed.     • 
L  brass  plug  secured  by  chain;  opening  is  for  testing  gage. 
M  man-hc3e.  r  T      * 

N  discharge  outlet  for  connection  to  sprinkler  syst^feed  by  VjOOgiC.' 
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TABLE    OF   HEIGHT    OF    WATER    IN    HORIZONTAL    GYUI»DRiGAL 
PRESSURE  TANK 

Tank  t#«-^«k.  ftttl 


Diameter  Tank  in 

Inches                                     Heig 

it  in   Inches 

56 

35^ 

57 

36 

■      58      . 

P 

59 

1 

60 

61 

38}4 

1 

6^ 

39^ 

.  §3 

39^ 

64 

40S 

65 

4X 

•  >.' 

.  66    . 

V                      ■ 

41% 
42% 
43 

69 

t'^ 

70 

!•'•"•<:                 ■    .     .   • 

, 

....    71 

.45,,    ... 

72 

Jl^  • 

73 

74 

"♦"S 
^ 

11 

Pressure 

tanks  can  be 

made  at  any  boiler  works. 

64w<Fi'fTiNaC'AND  CoNi9JECtiONS.^(a)  iGauge  Glass.  Mast  be  placed  on  the 
eM  of  hfi>ri^iktal  and  side  of  upright  tank  so  that  .the  t«ro*thirda  line  will 
be  at  the  center- of  the  glass.  Gauge  iglass  valves  must  be  of  the  best  qnafity 
angle  globe  patlmi.' 

The  two  valves  in  the  warter  gaiikge  connections  to  be  bf  approved  automaHc 
type  and  to  be  kept  closed,  and  opened  only  to  ascertain  the  amount  of 
water  in  the  tank,  as  breaking  of  pr  .leakage  about  .glass  will  .cause  the 
escape  of  pressure. 

(b)  , Pressure  Gauge.  ACu^t  be  placed , .directly,  on  t^e  up{i|eir.,gaug(e., glass 
nipple   and  provided   with   a   separate,  shut-ofi   v^lve. 

.  (c)  Filling  Point  .  Tank .  must  be  kept  two-thirds  full  qf  water  aAd.^ftve 
.a  fi^ed:  metallic  Horizontal  line  .  opppsite  gauge,  glass,:  indicating  ,tHis  ^^ter 
level.  A  conspicuous  sign  indicating  minimum  ajr  presaui;^  allowed  sliou^d 
be  stamped  on  the  fixed  metallic  plate  indicating  the  water  level. 

For  horizontal  tanks  the  ^two^t|urd«  lioc  ,to  be,  deVpnuined  by  the  following 
formula:    Distance  above' the  iMittMii  equals  i.±6^  7I  'radius  of  tank  in  inches. 

(d)  FilUag  Pipes. .  Water  for .  ,f upplyiiig  tank  miul  be  conveyed  through 
ftxed  iren  piping  not  less. than.  1%  ineh  in  size. ..  .Sprinkler  piping  not  to 
be   used    for   this   purpose.  >   r 

Pipe  from  air  pump  must  be  ••at'  least  i  inch  in  diameter,  coAniect  with 
tank- above  th*' water  level,  and  ntttst  "be  indepeilddnt" df  Warter  supply- pipe, 
except  as  noted  under  Section  62e.  -    t.    • 

See  also  Section  68   as  to  safety  valve. 

(e)  Drain  Pipe.  Provision  must  be  made  to  drain  each  tank  independently 
pf  other  tanks  and  the  sprinkler  system. by  a  pipe  not  less  thap  1%  inches 
in   diameter. 

.The  practice .  of  placing  drain  valves  at  lower  leyels  2^nd  accessible,  ff om 
the  exterior  of  buildings  is  not  approved*  >  < ,  . 

&$.  Phessukx.*— When  the  .bottom  of  the  tank  is  located  on  a  level  with 
the  highest  Sprinklers  an  air  pressure  not  less  than  75  pounds,  should  be 
maintained    in    order   that   a    pressure    of   not   less   than    1 5    pounds   will    be 
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tixttAAid  at  the  hAgheHf  linoiol  spHfiklers  when  all',  water  'has  ibeem .  discjiarsed 
from  the  tank.  .... 

When  the  bottom  of  the  tank  is  located  lower  than  the  highest  sprinklers 
a  pressure  in  excess  of  75  pounds  should  best^ntained.  This  excess  pressure 
must  be  equal  to  three  .t|mes  the  pressure,  due  to  the  height  of  the  sprink- 
lers above  the  bottom  of  the  tank. 

66.  Filling. — Arrangements  must  be  made  for  filling  the  tank  so  that  the 
proper  water  level  may  be  restored  at  any  time  without  reducing  the  air 
pressure.  » 

67.  Maintenance. — Tank  must  be  painted  inside  and  outside,  with  a  good 
quality  of  lead,  paint,  must  be  cleaned,  scraped  and  repainted  when  neces- 
sary. Tank  must  have  a  hydrostatic  pressure  test  siofiilar  to  one  noted 
in   Section   63,   once  in  two   years.  '  . 

68.  Air  Comi^khssor. — ^A  steam  or  dectrically  driven  air  compressor  having 
sufficient  capacity  to  increase  the  air  pressure  at  an  average  rate  of  at.  least 
one  pound   in   l;wo^  minutes  should   be  provided. 

A  properly  designed  safety  valve  must  be  installed  at  the  air  compressor, 
or  in  the  pipe  from  it  to  tank,  so  that  an  excessive  air  pressure  may  not 
be  pumped  into  f;ahk. . 

Where  the  cothpressor  is  also  jised  to  maintain  dry-pipe  systems,  the  air 
supply  should  \fe  taken  from  the  outside  or  from  a  room  having  dry  air.' 
in  order  to  avoid  carrying  moisture  into  the  pipe  systemj  The  intake  should 
be  protected   by  a   screen.  .' -         •  '  •>''    /:  •  .         '  •■  r      1 

69.  Tank  House. — ^Tank  must  be  properly  protected  from  frost,  and  if 
Ibcated!  abdve  the  roof  most  be  .encioted  in  a -.house-,  of  substantial  .oonstruc- 

'Stion,M-of  tiasyt  'access,-  'and  lOf  <  ample'  six«e  tq.  provide  -  free-  aoocss^'Oo'  all-  si<le6. 
Must  be  arranged  -so  that  it  can  bef  (properly  lighted  .at  -alii  times.  .  . 

There  should  be  a  space  at  least  3  feet  at  end  where 'gauges -dire  located 
afli^.. ft,. window   should  ,^  .prVv44c4'PPP08i1;eL  gauges. .. .   ,,       ,j,  .     ,•  j 

Tank  ihousfe)  most*  be  constructed  xn-accordaiice  with.-the  itequirbmcnts,  oi 
munici^  of  buildtiigldllthorities'^here  they  exist:  ;'"  '       *     ,'"     '   " 

70.  Supports  for  Tanks. — ^Tank  to  rest  on  a  cradle  of  cast  iron',*  concrete 
tfH'othet-'<iqi*ally  rigild  fhateHbt^Whi<?H'  Will  iJreV(WA'  possiMe  sagging '  or '  Vibra- 
tion. Wood  is  not  approved  fbi^ '  thife  "p'ui'pdse.  ■' T5upjit)i^s  mu^t  •  be"  pfo- 
'pdrtiohftd  ^8  as  to  iaf^ly'carfy  ■the'lbdd.'tisitlg' a  'fkcW  of  safety 'ttf' at  least 
f6tii',  atia  fiitist  W'  installed  ■uhdei'  'ttil^'teqiiii-eMeHtsr' of  tht  m*nifcipal  or 
builiin!^   authorities  -^heft   ther'ei^ist.    • li     . 

(..••!     .  .1....-        h     •  wj      ./.(;.    '  '..'.{         :■  .    ...     !..-..     •>.      !•  .    ,      ;-.•    f 

"  'lfa)'TAnks' should'  be  located  oil'  builtfings*  o<rl^'''"When  this  ts'=<nbs6lutely 
ilecessary)  as:  tanflib' so  located  a¥e  w<iineitiface"t«l:lif« -aUd  pFOpefty  tmless  the 
best  of  care  is  taken  regarding  the  supports.  *.;.'» 

t(b)i  B«ikMre  .s«ip(mrtang,,aiitafik   on.  a  buildcig  greaA.care   Should  be  taken 

.to,.m9k«,  surf -i^l^t  it^e<,bDUdiQgitis  .atrqiME  efiough.to;  cas)ry  the  extra  weight 
that  the  tank  imposes.  .  ,:  ..      1 

(c)  In  a  building  about  to  be  erected  .special,  arran^ejueijits.  for  the  tank 
^hoi^ld  be  ma(|e  jn  .the  plates  o^  the ^  building  itself.  With  building,  already 
constructed  it  is  necessary  to  have  an  expert  pass  on  the  strength  of  the 
supports.  It  will  often  be '  desirable  ^  to  ai-rarige  for  the  required  capacity 
by  two  tanks  instead  of  one. 

(d)fanks'on  buildihgs  'shotilrf  *  be  supported'  eifher'  by  steel  b*«mS  laid 
across  brick,  stone  or  concrete  walls,'  carried  above  the  roo*^  to-  the  trecessary 
height  or  by  a  substantial  ti^stle  of  the  neeesikary' height*  ^builti  in  aeccrdancc 
with < ipreceding   rules   so   far  as   they  .apply^ .     1.  i.<.!  ,1-     -         - 

.    If  I  a   tcestle,  is   used   it   should    be   supported   ei»ti9}ely  .hy-='QI^^.  stone  or 
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concrete'  walls,  po^ts  or  piers.  If  the  tank  is  supported  wholly  or  in  part 
by  steel  coltimns  within  a  btiilding,  these  should  h€  riveted  and  fireproofed. 
An  exception  to  this  is  in  case  the  whole  building  is  of  wood,  when  a  tank 
majj^-' be  Supported  by  wood  coluthns  only  by  special  permission  of  the  inspec- 
tion   department   having   jurisdiction. 

(e)  In  designing  trestle  footings  for  tanks  on  buildings  the  safe  load  on 
any  brick  work  must  not  be  figured  at  over  125'.  pounds  p^r  square  inch. 
The  trestle  should  be  strongly  and  securely  anchored  to  the  building  to 
guard  against  any  bpssible-overturaiag  du»  to  the  .action  of  Ithe  wind  when 
the  tank  is  empty.  It  |  |  !  '■  , 

Special  attention  19  called  to  the  necessfcy  of  safe^dar^ing  b|^ainst  corrosion 
at  the  point  where  1  ^eel  supports  pass  thorough  the .  toof .        ' 

■  i '  '  '  • 
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'  1  ■^'  i     ' 

See  Figures   107  fq   no  inclusive.  I  ^ 

Concrete  work  sji^uld  be  entrusted  only  to  experienced  |  ind  responsible 
parties,  as  even  the;  best  material  will  give  poor  results  unleds!  properly  used. 

Workmanship  shoiuld  be  first  class  and  in  conformity  with^tiest  engineering 
practice.  j  ' 

The  time  of  constiiuction  should  be  chosen  so  as  to  avoid  freezing  weather, 
as  concrete  is  likely  to  be  unsatisfactory  and  unsafe  if  laid  v^hcti  temperature 
is   below   freezing   linless   great   pixcautions   are   taken. 

;  Specifications  for  Reservoirs 

It  is  believed \thiSit  concrete  proportioiied  for  maximum  density,  properly 
reinforced  and  ^carefully  mixed  and  pla|ced  is  the  best  material  that  can 
be  used  for  vater-t^^ht  reservoirs.  Either  rectangular  or  circu^r  form  may 
be  used.  The  circujar  form  admits  of  a  more  economical  Arrangement  of 
reinforcement  and  jgives  the  greatest  r^istance  against  both  external  and 
internal   pressure.     |  '  j  j 

1.  Materials. — i.JThe  ccmyit  shall  be'  Portland  cement,  artd,  ihall  meet  the 
requirements  of  thj;^'  Standard  Specifications  of  the  American  Society  for 
Testing   Materials.    \  '  ,         '.  I 

2.  The  aggregate  ^^all  be  sand  and  stdne  or  other  hard  durable  material. 
Frozen  material  mt^t  never  be  used.  Both  sand  and  stone  to  be  free  from 
dust,  loam,  veget|ab(e  or  other  organic  mjitter. 

(a)  Fine  Aggrbgat^.  Fine '  aggregate  rfiall  consist  of  sand,!  crushed  stone 
or  gravel  screei^gB^  graded  from  fine  to  coarse  and  passing,  when  dry,  a 
screen  having  one-gtiarter  (%)  inch  diameter  holes,  and '  hot  more  than 
three  (3)  per  cent'  passing  a  sieve  havipg  one  hundred  (100)  meshes  per 
linear  inch.  ;  .  -  !  ' 

(b)  Coarse  Aggr4g(ate.  Coarse  aggregate  shall  consist  of  crushed  stone, 
gravel  or  similar  niaterial,  graded  ia  size,  retained  on  a  screen  having  one- 
quarter  (%)  inch  diameter  holes  and  the  miaximum  size  which  shall  be  such 
as  to  pass  a  one  and  one-quarter   (1%)   inch   ijing.  .. 

Natural  mixed  aggregates  shall  not  be  used  as  tli^y  come  from  the  deposit 
but   shall   be   screened   and    remixed   to   agree    with   the   proportions   specified. 

.  ^. .  Water  shall  be  free  from  oil  or  excess  of  acid,  alkali  or  vegetable .  matter. 

14.  The  : reinforcing  metal  shaU  xneet  the  current  requireniAnts  of  the  Stand- 
ard Specifications.. for  .Steel  Reinforcement  of  the  American  Railw/ny  Engineer- 
ing :  Association. '  .  .  »  ..  . 
,  a.  FowniJ4ti0ns.— '5.  Average  earth,  except  loam,,  will  safely  support  frpm 
two  to  four  tons  per  square  foot.  In  doubtful  cases  the  service  of.  a  com: 
petent  engineer  should  be  r  secured  and  a  proper  foundation  specified  by  him. 

•Regulations   prescribed    by    National    Board    o^    Fire    ItnderwHtci-sr^ 
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3.  Sub-Grade.— 6.  Depth.  (a)  If  a  sub-base  is  required,  the  sub-grade 
shall  not  be  less  than  eleven  (11)  inches  below  the  .finished  surface,  of  the 
floor. 

(b)  If  a  sub-base  is  not  required,  the  subtgrade  shall  no^  be  less  than 
five   (5)   inches  below  the  finished  surface  of  the  floor. 
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7.  Prepardtioi}  of  Surface.  All  soft  and  spongy*  places  shall  be  removed 
atfld  all  depressions  filled  with  suitable  material  which  shall  be  thoroughly 
compacted  in  layers  not  exceeding  six   ('6)  inches  in  thickness. 

8.  Drainage.     When  required,  a  suitable  drainage  system  shall  be  installed. 
4.  Sub-Base.-^.  The  sub-bade  shall  consist  of  a  layer  of  suitable  material, 

clean  and  hafd,  and  not  exceeding  four  (4)  inches  in  the  largest  dimensioii. 
Td  be  spread  on  the  sub-grade  and  rolled  or  tamped  to  a,  surface  at  least 
five   (5)   inches  below  the  finished  grade  of  the  flofriedbyCjOOQlC 
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10.  Wetting/  While  compacting  the  sub-bg«€,  the  material  shall  be  kept 
thoroughly  vret^  and  shall  be  in  that  condition  when  the  concrete  is  deposited. 

5.  Construction. — ii.  The  forms  shall  be  substantial,  unyielding;  and  so 
constructed  that  the  concrete  will  conform  to  the  designed  dimensions  and 
shall  also  be  tight  to  prevent  the  leakage  of  mortar.  The  forms  shall  not 
be  removed  in  less  than  ten  (lo)  days  after  the  concrete  is  placed,  and 
then   only   with   the   consent  of   the  engineer   in  charge. 

12.  The  reinforcement  shall  be  free  from  rust,  scale  or  coatings  of  any 
character  which  will  tend  to  reduce  or  destroy  the  bond,  and  shall  be  placed 
and  held  in  position  so  that  it  will  not  become  disarrange^!  during  the  deposit- 
ing of  the  conicrete. 

13.  Joi»tf  in  Concrete.  For  concrete  construction  it  is  desirable,  to  place 
the  entire'! structure  , at  one  operation,  but  as  this  is  not  always'  possible, 
especially  in  large  structures,  it  is  necessary  to  stop  the  work  <  at  some 
convenient  point.  This  point  should  be  selected  so  that  the  resullb'ni^  joint 
may  have  «the  least  possible  effect  on  the  strength  of  the  structuije.  It  is 
therefoce  Recommended  that  the  joints  in  columns  be  made  flush  .with  the 
lower  side  of  the  girders;  that  the  joints  in  girders  be  at  a  point  Bjiidway 
between;  supports,  but  should  a  beam  intersect  a  girder  at  this  Roint,  the 
joint  should  be  offset  a  distance  equal  to  twice"  the  width  of  tie  beam; 
that 'the  joints  in  the  members  of  a  floor  system  should  in  general  {be  made 
at    or   neai*   the   center  of   the   span. 

14.  Joints  in  columns  should  be  perpendicular  to  the  axis  of  the  column, 
and  in  girders,  beams,  and  floor  slabs  perpendicular  to  the  plane  of  their 
surfacesj^  I 

15.  Joints  in  Reinforcement.  Wherever  it  is  necessary  to  splic{}  tension 
reinforcement,  the  length  of  lap  should  be  determined  dn  the  basis  of  the 
safe  bond  stress,  the  stress  in  the  bar*  and  the  shearing  res;istance  of  the 
concrete!  at .  the  point  of  splice;  or  a  connection  should  be  made^  between 
the  bars  of  sufficient  strength  to  carry  the  stress.  Splices  at  points  of 
maximum  stress  should  be  avoided. ,  In  columns,  bars  more  than  %-inch 
in  diameter,  not  subject  to  tension,  should  be  properly  squared  and  butted  in 
a  suitable  sleeve;  smaller  bars  may  be  treated  as  indicated  for  tension 
reinforcements,  or  the  stress  may  be  cared  for  by  embedment  in  large  masses 
of  concrete.  At  foundations,  bearing  plates  should  be  provided  for  supporting 
the  bars,  or  the  bars  may  be  carried  into  the  footing  a  sufHcient  distance 
to  transmit  the  stress  of  the  steel  to  the  conicrete  by  means  of  the  bearing 
and  bond  resistance;  in  no  case  shall  the  ends  of  the  ^  bars  be  permitted 
merely    to    rest    on    concrete.  / 

6.  Measuring  anik  Mixing. — 16.  The  materials  for  the  concrete,  including 
water,  to  be  measured  separately  in  such  a'  manner*as  to  insure  uniform  pro- 
portions at  all  times.  A  bag  of  Portland  cement  (94  lbs.  net)  shall  be 
considered   one    (i)   cubic   foot. 

17.  The  ingredients  of  the  concrete  or  mortar  shall  be  thoroughly  mixed 
dry,  suffici'ent  water  added  to  obtain  the  desired  consistency  and  the  mixing 
continued  until  the  materials  are  uniformly  distributed  and  the  mass  is 
homogeneous    and    uniform    in    color. 

<a)  Machine  Mixing.     When   the   conditions   will  permit,   a  machine   mixer 

of  a  type  which  insures  the  uniform  mixing  of  the  materials/  shall   be   used. 

'  (b-)  Hand    Mixing.      When    it    is    necessary    to    mix    by    hand,.- the.  mixing 

shall  be  on  a  water-tight  platform  and  according  to  the  above   requirements. 

tS.  Retempering,  that  is,  remixing  mortar  or  concrete  that  has  partially 
hardened   with    additional    water,    will    not   be   permitted. 

7.  Floors. — 19.  Thickness.  The  floors  shall  be  thick  enough  to  stand  the 
necessary  strains  and  in  no  case  have  a  thickness  of  less  than  foeMpQP^i^s. 
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20.  Proportions.  The  mixture  of  concrete  shall  be  as  rich  as  the  fol- 
lowing (by  volume),  one  (i)  part  Portland  cement,  two  (2)  parts  fine 
aggregate,   and  four    (4)    parts   coarse   aggregate. 

21.  Consistency.  The  materials  shall  be  mixed  wet  enough  to  produce  a 
concrete  of  a  (Consistency  that  will  flow  into  the  forms  and  about  the 
reinforcement,  but  which  can  be  conveyed  from  the  mixer  to  the  forms 
without   the   separation  of   the   coarse   aggregate    from   the   mortar. 


^^G/jQd7  ^Sl 


FxG«  108 


-  22.  Placing.  The  concrete  shall  be  placed  in  a  manner  to  insure  a  smooth 
surface,  and  thoroughly  worked  around  the  reinforcement  and  Into  the 
i«ce8ses  of  thci  forms.  It  shall  be  brought  to  a  surface  at  least  one  (i)  inch 
below  the  finished  surface  of  the  floor,  and  before  it  has  dried  out  ,lhe 
wearing  course  shall  be  applied.  Workmen  shall  not  be  permitted  to  walk 
on  freshly  laid  concrete,  and  if  sand  or  dust  collects  on  the  base,  it  shall 
be   carefully   removed   before   the   wearing   course    is   applied. 

23.  Wearing    Course,    Proportions.      The    mortar    shall    be    mixed    in    the 
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miuineri  hereinbefore    specified   in   the   proportion   of   one    (i)    part   Portland 
cement   and   not   more   than   two    (2)    parts   fine   aggregate. 

24.  Wearing  Course,  Consistency..  The  mortar  shall  be  of  a  consistency 
that  water  will  flush  to  the  surface  only  under  heavy,  thQi:;ough  working 
with  a  wood  float. 

25.  Wearing  Course,  Thickness.  The  wearing  course  of  the  floor  shall 
have  a  thickness  of  at  least  one   (i)    inch. 

26.  Wearing  Course,  Placing.  The  wearing  course  shall  be  placed  imme- 
diately after  mixing. 

27.  Wearing  Course,  Finishing.  After  the  wearing  course  has  been  brought 
to  the  established  grade,  it  shall  be  worked  with  a  wood  float  in  a  manner 
which  will  thoroughly  compact  it.  When  required,  the  surface  shall  be 
troweled  smooth,  but.  excessive  working  with  a  steel  trowel  shall  be  avoided. 
If  excessive  moisture  occur;^  on  the  surface,  it  must  be  taken  up  with  a 
rag  or  mop,  and  iif  no  case  shall  dry  cement  or  a  mixture  of  dry  cement 
and  sand  be  used  tki  absorb- this  moisture  or  to  hasten  the  hardening. 

8.  Sump. — 28.  A 'sump  consisting  of  a  recess  at  least  three  feet  square 
and  three  feet  deep  to  be  I^irated  so  as  to  come  under  manhole  in  roof.  The 
surface  of  the  flbor  to  be  carefully  graded  to  produce  a  uniform  pitch  to 
the   sump. 

9.  Walls. — 29.    Proportions.      (Same    as    floors.) 

30.  Walls  to  be  properly  designed  to  resist  the  stresses  to  be  sustained 
with  reservoir  full  or  empty.     Thickness  to  be  not  less  than  four   (4)   inches. 

31.  They  shall  be  built  thie  .to  planes  by  means  of  .suitable  forms,  securely 
braced    against    movement.  . 

32.  The  surface  next  to,  forms  shall  be  thoroughly  spaded  by  means  of 
a  suitable  spading  topi  so  is  to  insure  a  smooth  face  when  the  forms  are 
removed.  Care  shall)  be  exercised  to  prevent  disturbing  the  position  of  the 
reinforcing  me^al  during  the  placing  of  concrete. 

33.  Where  sections  of  walls  are  stopped  during  construction,  a  groove 
shall  be  formed  in  the  face  of  tlie  joint.  On  joining  the  next  succeeding 
section,  the  face  of  t^e  joint  shall  be  carefully  cleaned  with  water  and  coated 
with  neat  cement. 

34.  A  permanent  ladder  to  be  provided   from  top  to  floor  of  reservoir. 

10.  Roof  and  Columns.— -35.     Proportions.      (Same  as  floors.) 

A  covered  reservoir  is  preferable  to  an  open,  one,  as  it  is  stroilger,  less 
liable  to  freeze,  and  water  is  kept  cleaner.  If  it  is  desired  to  omit  the 
roof,  permission  should  be  obtained  from  the  inspectioa  department  having 
jurisdiction.  Where  no  cover  is  used,  suitable  provision  should  be  made 
to   prevent   excessive   freezing. 

36.  Roof  and  columns  to  be  properly  designed  to  fit  existing  conditions. 

37.  If  reservoir  is  completely  roofed  over,  a  trap  door  at  least  20  by  26 
inches  to  be  provided  in  the, roof  so  arranged  as  to  be  easily  opened.  Perma- 
nent ladder  to  be  accessible  from  this  opening. 

38.  The  forms  for  the  entire  roof  should  preferably  be  built  so  that  the 
placing  can  be  done  in  one  operation. 

11.  Finish. — 39.  Should  porous  or  void  spaces  appear  when  the  forms 
are  removed,  the  same  shall  be  cut  out  until  solid  work  is  exposed,  and 
the  hole  thus  made  filled  with  a  mixture  of  rich  cement  mortar. 

40.  When  the  reservoir  is  completed,,  it  shall  be  cleaned  out,  and  the  walls 
washed  with  two  coats  of  cement  wash  applied  to  the  entice  walls  and 
floors. .   Additional  means  of  waterproofing  may  be  used  if  desired. 

42.  Leakage. — ^41.  Leakage  for  the  first  24  hours  after  filling  shall  not  be 
more  than   5   per  cent  of  the   total  reservoir  capacity.     If  more  than   5   per 
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cent,  water  ;to  be  drawn  off  and  porous  concrete  cut  out  and  spaces  filled 
with    rich   cement   mortar. 

42.  Reservoir  must  be  substantially  water-tight  after  having  been  filled  with 
water    14   days.  . 

13.  Working    Stresses. — ^43.    Concrete   composed   of   materials   meeting   the 


requirements  oi  these  regulations  shall  develop  a  compressive  strength  at 
a8  days  equal  to  that  given  in  the  following  table  for  the  respective  pro- 
portions and  materials  used,  when  ■  tested  as  S'-inch  dinmeter  cylinders  16 
inches  Ibng  under  laboratory  conditions  of  maniifacture  and  storase.  using 
the  same  consistency  as  is  used  in  the  field: 


ifacture   and  storase. 
Digitized  by  VjOOQIC 
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Table  of  Compressive  Strengths  of  Different  Mixtures  of  Concrete 

(In    Pounds  per    Square    Inch) 

Aggrbgat^  1:1:2        1:1^:3  1:2:4  1:24:5  1:3:6 

Granite,  trap  rock.... 3300        2800  2200  laOO  1400 

Gravd,    hard    limestone    and    hard 

sandstone 3000        2500  2000  1600  1300 

Soft  limestone  and  sandstone 2200        1800  1500  1209  1000 

Cinders 890          700  600  500  400 

For  variations  in   the  moduli   of  elasticity   see   Paragraph   53.  • 
On  this  (basis  the   following  dtresdes|   given.  iA  the   form  of  percentages  of 
the    compi^ssive   strength   of   the   concrete    to   be   used,   shall    be    allowed    in 


construction : 
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a.  Bearing  compression,  32;$  per  cent  of  the  compre^ive:  strength. 

b.  Compression  in  extreme  libre,  32.5  per  cent  of  the  ton^ressive  strength. 
With  increase  of   15  per  cent  near  supports  in  continiiDus  beams. 

o.  Axial  compression  in  columns  without  hoops,  22:5  per  cent  of  the 
compressive  strength  and  6,75b  pounds  per  square  inch  on  Vertical  reinforce- 
ment, i; 

d.  Axial  compression  in  coljumns  with  i  per  cent  of  hooding,  27  per  cent 
of  the  compressive  streng[th,  and  8,100  pounds  per  sqijare,  inch  on  vertical 
reinforcement. 

e.  Axial  compression  in.  cohimns  with  i  per  cent  of  hoolping  and  i  to  4 
per  cent  of  vertical  reinfdjrcei^ept,  32.5  per  cent  of  the;, compressive  strength 
and   9,750   pounds   per  ^squares  inch   on   the   vertical   reinforcement. 

44.  The  bars  in  the  base  'of  columns  shall  bear  on  a  J  plate  or  casting, 
or  shall  be  enlarged  so  as  to  •  reduce  the  bearing  stress  at  the  bottom  to  the 
stress  given  in  paragfraph  43a.  In  lieu  of  plate  or  the  enlargement  for 
bearing,  the  stress  may  be  distributed  to  the  footing  by  means  of  dowels 
with  flat  upper  ends,  length  of  the  dowels  being  sufficient  to  distribute 
the  stress  by  means  of  the  bond  of  .the  dowel. 

45.  In  the  footing,  the  concrete  bond  stress  to  be  as  given  in  paragraph 
50.  The  footings  supporting  . columns  where  hooping  vertical  reinforcement 
is  used  shall  be  enlarged  at  the  top  to  at  least  six  inches  on  each  side  of 
the  column,  measurements  being  taken  from  the  hooping. 

46.  Bars  composing  longitudinal  reinforcement  in  columns  shall  be  straight 
and  shall  have  sufficient  lateral  support  to  be  securely  held  in  place  until 
the  concrete  is  set. 

47.  The  clear  spacing'  of  bands  or*  hoops  shitU  not'  be  greater  than  one- 
fourth  the  diameter  Of  the  enclosed  oolumn..  Adequate  «aeans  must  be  pro- 
vided to  hold  bands  or-  hoops  in  place  bo  as  to  form  a  column,  the  core 
of   which   shall   be  straight   and   well  centered. 

48.  Bending  stressed  due  t6  eccentric  loads  nrast  be  provided  for  by 
increasing  the  section  until  the  maximum  stress  does  not  exceed  the  values 
above  specified.  ^ 

49.  Compression  on  columns  Reinforced  with  structural  steel  units  which 
thoroughly  encase  the  concrete  core,  z-j  per  cent  of  the  compressive  strength 
of   the   concrete   and  '6,106   pounds  per   square   inch   on   the   structural   steel. 

50.  Web  stresses.  In  calculating  web  ifeinforcement  the  concrete  shall 
be  considered  to  carry  2  per  cent  of  the  compressive  strength  of  the  con- 
crete, the  remainder  to  be  provided  for  by  means  of  reinforcement  in  tension. 

51.  Members  of  web  reinforcement  shall  be  imbedded  in  the  compression 
portion  of  th'e  beam  so  that  adequate  bond  strength  is  provided  tb  fully 
develop  the  assumed'  strength  of  all  shear  reinforcement.  They  shall  not 
be  spaced  to  exceed  three-fourths  (%)  of  the  depth  of  the  beam  in  that 
portion  where  the  shearing  stresses  exceed  the  allowable  shearing  value  of 
th^   concrete.      Web   reinforcement,   unless   rigfidly   attached,   shall   be   placed 
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at    rig^ht    angles    to    the.  axis    of   the    beam    and  .loo[>ed    around ,  the    extreme 
tension   member. 

52.  Bond  between  plain  bars  and  C9ncrete,  4  per  cent  of  the  cfMnpressive 
strength  of  the  concrete  of  surface  of  bar;  where  adequate  mechanical-  bond 
is  provided  the  stress  shall  not  exceed  7.5  ptr  cent'df  the"  conipressivc  str^gth 
of   the   concrete. 
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.53.  The  ratio  of  moduli  of  elasticity  of  concrete  to  steel  ^hall  be  considered 
as,  1:^5  when  the  strength  of  the  concrete  i§  take^  ,a|P  le^s  than  2,aoo  pounds 
per.  square  inch;,  or  I'.iz  when  taken  between  2,200  and  2,900,  pounds  per 
equate  inch;  or.  1:10  when  taken  oyer  2,900  pounds,  per  square  inch. 

54.  The  allowable .  tensile  stre^  in  reinforcunent  )tji»izl^by^iM@'iC^unds  per 
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square   inch   for  medium » steel  /aid' .  20,000,  pounds   pef   square   inch   for  high 
elastic  liniit   steel,  with   adequate   mechanical  bond. 

55.>  Site  and  capacity.  Conditions  vary  so  greatly  that  no  definite  re- 
quirementS"  f dr  dimensions  can  be  laid  down.  The  depth  should  not  exceed 
15    f«et  >dnd<  preferably   should  be    10   feet. 
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VALVS   riT. 

Fig.  hi  \ 

The  fallowing  sizes  and  capacities  ate  suggested,  and  in  most  jcases  will 
prove  th4..mpst  ecoAomicair.ior  thejn^oison  that  contractors  may.  usj  standard 
forms,    thereby    reducing    the    cost    of   construction. 

"^      '    >      •    .  •       n:rf  Capacity 

33  ft.  diameter  by  10  ft 60,000  gals. 

46  ft.  diameter  by  10  ft ■. 120,000  gals. 

56  ft.  diameter  by  10  ft 180,000  gals. 

64  ft.  diameter  by  10  ft Pigjt^ed  250,000  gals. 
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RECTANGULAR  RESERVMRS 

Dimensions  Capacity 

15  ft.  X    60  ft.  X  10  ft. 60.000  gate. 

15  It.ac  120  ft.  X  10  ft. 120.000  gals. 

15  ft.  X  180  ft.  X  10  ft 180,000  gals. 

15  ft.  X  240  ft.  X  10  ft. . .« .w 240,000  gals. 

30  ft.  X    60  ft.  X  10  ft 120,000  gals. 

30  ft.  X    90  ft.  y  10  ft 180,000  gals. 

30  ft.  X  120  ft.  X  10  ft 2^0,000  gals. 

45  ft.  X    60  ft.  X  10  ft .' lio.OOO  gal^ 

45  ft.  X  V75ft;x  10  ft 240,000  gals. 

60  ft.  X  !60  ftJx  10  ft 240,000  gals. 
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VALVE  PITS* 

See   Figures   iii,   112  and   113. 

The  rules  for  luaterials,  mixtures,  forms,  etc.,  given  for  larg'e  reservoirs, 
also    apply   to   small   reservoirs   and   valve   pits.  ■     ' 

u  Size.— The  siz«)  should  ^  ample  so  that  there  will  be  a  space  of  at 
least.  12  inches  around  all  valves. 

2.  Floor. — Concrete  to  be  at  least  4  inches  thick  and  reinforced  with 
metal   lathing  or  rods. 

3.  Walls. — \yalls  to  be  of  concrete  at  least  4  inches  thick  and  reinforced 
in    a  sin^ila^  manner   to  floor; 

4.  Roof. — a.  To  be  not  less  than  6  inches  thick  and  properly  reinforced 
to  carry  load  to  which  it  is  liable,  to  be  subjected. 
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valvb  pit. 
Fig.  113  ^ 

b.  A  standard  manhole  cover  to  be  placed  in  the  top  of  each  pit.  Six 
inches  below  the  iron  cover  a  second  cover  of  2-inch  plank  to  be  placed  on 
a  ledge  formed  in  the  concrete.  Ledge  to  be  at  least  2  inches  wide.  In 
regions  where  extremely  cold  weather  occurs  it  is  advisable  to  fill  pit  with 
suitable  insulating  material,  such  as  hay  or  straw. 

5.  Drainage. — If  thought  necessary  in  suitable  soil  such  as  sand  and  gravel, 
drainage  hole  may  be  provided.     To  be  at  least  4  inches  in  diameter. 

6.  WATERPROOFING.-T-If  a  watcrproof  pit  is  necessary,  as  in  water-bearing 
ground,  the  entire  outside  surface  of  pit  should  be  thoroughly  waterproofed. 

Thfe  following  method  is  advised.  Surface  to  be  painted  with  hot  tar  or 
asphalt  and  then  covered  with  at  least  two  layers  of  tarred  felt  and  hot 
tar  or  asphalt  alternately.     Felt  to  be  lapped   18   inches.  ,  -  , 

*  Regulations   prescribed   by   National    Board   of   Fire    underwriters. c 


66o  Fire  Prevention  and  Protection 

CONCRETE   TANKS* 

Where  there  are  building  ordinances  or  special  regulations  by  municipal 
authorities  relating  •  to  the  construction  of  tanks  or  structures,  they  are  to 
be  followed  except  that  when  '  such  ordinances  permit  '  of  a  weaker  con 
stniction  than  is  herein  specified,  these  requirements  should  be   followed. 

Concrete  would  probably  not  be  used  except  for  tanks  of  considerable  size 
and  the  design  and  '  construction  should  be  entrusted  only  to  competent 
engineers. 

The  design  of  concrete  tanks  should  in  general  follow  the  requirements 
for  concrete  reservoirs,  but  as  the  field  experience  with  such  tanks  is  very 
limited   it  is   not   deemed   desirable   to   give   detailed"  specifications. 

1.  Reinforcement. — a.  Tank  to  be'reinfdrced  so  that  all  tensile  stress  shall 
be  borne   by  the  reinforci^  metal. 

b.  Radial  bars  at  least  eight  feet  long  to  be- embedded- in  floor  and  carried 
up  at  least  four  feef  into  the  walls.  Bars  to  be  at  least  %-inch  in  diameter 
and  to  be  spaced  not  oyer  12' inches  at  the -circumfeience  qf  tank.  _^ 

c.  Horizontal  hoops  in  walls  from  the  floor  to  a  height  of  three  leet  shall 
not  have  a  stress  of  over  8,000  pounds  per  ^uare  inch  with  tank  full.  Above 
this  pointj^  stress  may  be  increased   gradually  to  not  over    12,500  pounds. 

d.  Laps  kin  hoops  to  be  fastened  mechanically  so  as  to  safely  dsrelop  the 
working   9lress. 

e.  Hoop^  to  be  accurately  spaced  and  supported  so  they  cannot  lie  moved 
out  of  place  while  concrete  is  being  filled  in.  Reinforcement  at  top  of 
tank  to  b^  designed  to  resist  pressure  from  ice  in  case  the  tank  freezes  over. 

f.  All  reinforcing  metal  to  be  covered  by  at  least"  i   inch  of  concrete. 

2.  Walls. — a.  Walls  to  be  not  less  than  4  inches  thick  at  any  point. 

b.  Where  inlet  and  outlet  pipes '  pass  through  fhe  wall,  thickness  to  be 
increased  'to   at    least   twice   the    normal    thickness. 

3.  Tightness. — Tank  to  be  tight,   ^bowing  no  leaks  before  being  accepted. 

*  Regulations  prescribed*  by   National   Board   of  ,Fire   Underwriters. 
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SPECIFICATIONS  FOR  THE  CONSTRUCTION 

AND  EQUIPMENT  OF  HOSE  HOUSES 

FOR  MILL  YARDS 

Standard  Hose  Houses. — The  following  specifications  for 
Standard  Hose  Hotises  are  now  used  throughout  the  ^vhole  coun- 
tTy,  having  heen  agreed  upon  in  joint  conference  by  representatives 
of  the  different  organizations  interested  in  this  class  of  work.  They 
are  known  as  "  The  National  Standard  *'  and  have  been,  up  to  this 
time,  adopted  by  the  following  associations: 

Associated  Factory,  ]N{utual  Fire  Insurance  Companies. 

National  Board^of  Fire  Underwriters. 

National  Fire  Protection  Association. 

The  Standard  Hose  House  specified  herein  provides  an  accessible 
place  where  the  h6se  and  the  small  equipment  for  mill  yard  fire 
protection  may  be  assembled  and  kept  ready  for  instant  use. 

Hose  and  appliances  stored  in  towers  or  buildings  may  be  made 
inaccessible  by  fire  or  smoke  and  the  entire  equipment  of  pump, 
water  mains  and  hydrants  thus  rendered  useless  for  hose  service. 
Serious  delay  may  also  be  occasioned  by  placing  the  hose  and  ap- 
pliances at  distant  parts  of  the  yard. 

The  increased  efficiency,  economy  and  the  prolonged  life  of  hose 
stored  on  slatted  shelves  in  well  ventilated  houses,  render  the 
installation  of  properly  equipped  Standard  Houses  essential  to  a 
mill  yard,    i 

These  specifications  cover  two  types  for  a  two  or  three-way 
hydrant,  and  one  type  for  a  four-way  hydrant,  having  two  lengths 
of  attached  hose.  The  latter  house  is  seldom  necessary,  except 
between  buildmgs  or  in  the  center  of  a  plant  where  it  may  be  of 
advantage  to  have  the  hose  so  ■.  attached  that  it  can  be  run  off  in 
either  direction  without  delay.  The  designs  given  for  the  two  and 
three-way  houses  are  practically  those  which  have  been  used  in 
some  localities  for  a  number  of  years.  The,  Underwriters  having 
jurisdiction  should  be  consulted  as  to  the  best  type  for  use  in  each 
individual  case.  , 

Construction 

1.  Location. — Houses  to  be  located  so  that  two  or  three-way  hydrants  w!H 
be  as  close  to  the  front  of  the  house  as  possible  and'  still  allow  sufficient 
room  back  of  the  doors  for  the  hosb  gates  and  attached   hose. 

2.  Foundations. — To  consist  of^  a  brick  pier  at  each  corner,  12  in9hes 
square  *  and   8    inches   higb»    above    ground. 

Note. — Depth  of  the  foundation  should  be  sufficient  to  prevent  serious  dis- 
*  placement    by    frost. 

3.  Material. — To    be    of    good    lumber,    free    from    injurious    knots,    and 
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seasoned    to    prevent    serious    warping.      Sheathing,    roof    and    doors   to   be    of 
%-inch  matphed  stuff  dressed  on  one  side. 

4.  Size. — Frame  to  be  6  feet  4  inches  wicJc,  6  feet  deep  and  about  7  feet 
high,  for  two  or  three-way  hydrants,  and  8  feet  s^u^re  and  7  feet  high  for 
four- way  hydrants.     See  Figs.  115  and  iiS. 

5.  Frame.-- ^To  be  made  of  2x3,  2x4  and  3x4  inch  material,  constructed 
as  illustrated    in  Fig?..  116  and  119. 

6.  Roof. — To  be  made  weather-tight  by  tinning  or  its  equivalent  an4  to 
be   properly  inclined   for   drainage. 

Note. — The  ornamental  roof  shown  in  Fig.  120  or  121  may  be  us^d  if  desired. 

7.  Doors. — a.  To  be  in  pairs,  to  open  the  full  width  of  the  front,  to  be 
hung  on  heavy  tee  hinges  bolted  on  and  to  swing  one  foot  clear  of  the  ground. 


F^G.  114 


b.  To  be  provided  wit^  substantial  battens  at  top  and  bottom  and  a  suitable 
diagonal   cross   brace   well   nailed. on.      Nails    to   be  clinched. 

Note. — Care  should  be  taken  to  select  well-seasoned  stuff  in  order  to 
prevent   warping.      Extra   wide   battens  and   cross-braces  should   also   be   used. 

c.  Two  sets  of  doors  opening  on  oppbsitfc  sidae  to  be  provided  when  the 
four-way  hydrant  is  used.     See  Fig.   120.' 

8.  Hose  Shelves. — ^a.  To  be  made  of  3-inch  slats  %-inch  thick  and  spaced 
i/^-inch  apart  and  supported  a&  shown  in  Figs.  115,.  ii8  or  120. 

Note. — The  object  of  the  slats  is  to  permit  the  circulation  of  air  ground 
the  hose.  The  spacing  named  should  not  be  exceeded,  as  the  hose  is  liable 
to  catch  in  wider  openings. 

b.  Two  shelves  supported  on  the  horizontal  framing  and  extending  across 
the  house  to  be  provided  when  the  two  or  three-way  hydrant  is  used. 

Note. — ^The  lower  shelf  is  designed  to  hold  100  feet  of  hose  attached  to 
the  hydrant.     The  upper  shelf  is  designed  to  hold  t^^z^R^'tite^QlC 
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c.  Three  shelves  supported  on  one  side  and  extending  from  door  to  door 
to  he  provided  where  the  four- way  hydrant  is  used.  Shelves  to  be  pro- 
vided with  6-inch  sideboards  and  the  two  lower  shelves  to  be.  prpvtded  ,with 
endboards  at  opposite  ends.  The  flooring,  %i  any,  may  serve  as  the  lower 
shelf. 
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NotE. — ^The  two  lower  shelves  are  each  designed  to  hold  100  feet  of  hose 
attached  to  the  hydrant  on  opposite  sides.  The  upper  Shelf  is  designed  to 
hold  the  spare  hpse. 

q.  Floors.-'— Where  used,  to  be  cohstruoted  of  ^-inch  stuff,  not  exceeding 
4  iflcbes-  wide  and   hiid   open. 

Note  i. — Ordinarily  no  flooring  is  necessary,  but  in  case  the  house  Ik 
locked  to  gtiard  against  theft,  a  slatted  floor  may  be  used.  The  foundation 
pier  and  framing  in  front  of  the  hydrant  in  Fig.  114  is  unnecessary  in  case 
the    house    is    not   floored. 

Note  2. — If  necessary,  the  flooring  may  be  cut  away  around  the  hydrant 
so  as  not  to  interfere  with  the  swing  of  spanners  at  any  outlet.     See  Fig.  117. 
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ro.  VfeNTiLATiON. — An  opening  permitting  the  '  free  circulation  of  air  to 
be  provided  under  the  eaves.  The  opening  to  be  protbcted  by  a  Strip  as 
illustrated  it!  Figs.  115,  118  or  122.  .   .         ■  . 

II.  Hakdwarb. — a.  Hinges  to  fee  extta  heavy  wrotig'ht  tee  pattern,  16  inches 
long.  To  be  securely  bolted  through  the  doors  and  framing  of  the  hoase 
by   %-inch  bolts. 

Note  i. — The  hinges,  should  be  installed  so  as  to  allo^  the  doors  to  swing 
back  against  the  sides  of  th^  house.  The  bolts  should  be  provided  with 
washers  ne^ct  to  the  woodwork  J 


Fig.  116 


Note  2. — The  use  of  galvanized  hardware  is  advised  especially  for  the 
hinges. 

b.  Hasp.  Doors  on  the  five-side4 ,  housse,  shown  in  Fig.  115,  to  be  pro- 
vided with  a  hasp  made  of  1%  x  ^-inch  iron,  bent  to  conform  to  the  angle 
of  the  doors  wjien,  clo^edb  The.  staples  at  each  end  of  the  hfisp  to  be 
securely  bolted  or  clinched  to  the  doors. 

c.  Latch.  Doors  on  houses  shown  in  Figs.  117  and  120  to  be  provided  with 
a  latch  made  of  1^1x14 'inch  iron '.at  least  24.  inches  long.  Latch,  to  be 
loosely  bolted  to  one  door  near  the  center,  to.  be  prOtided.  with  a  handle 
and  arrapged  so  as  to  drop  into  a  cqijch  on  the  .opposite  .doof..  See  Fig.  123. 
Catch  to  be  made  of  2  x  ^4nch  iron  bolted  through  the  door  by  at  least 
two    bolts.  '  I.      . 

Note. — The  ^  hasp  and  latch  specified  do  away  with  the  necessity  for  an 
upright  post  in  the  center  of  the  dobrvfay  and  provide  for  fastening  tj^o^  large 
doors   without   bolting  one  'on   the   inside.  Digitized  b      -^^^^  ^ 
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..[jd«,,PQec,i  F;^tenipg.  •  A  4ig|it .  bajT  oi  round,  ^fon  pointed.,. and  himg  to 
J^pttom  Qfjdp^^y  tp.  be  prpvWed  for  hplding  ^achdoor  open.  ,  See  Figs.  114  and 
117.  •  .;•■■,,■.. 

e.  Locks.  Ordinarily  hose  houses  should  not  be  locked,  but  where  it  is 
necessary  to  guard  against  theft  they  may  be  locked  with  a  specially  desig^ned 
lock  having  a  substantial  appearance,  but  which  can  h^  easily  broken  in 
case   of  necessity.    '  ; 

f .  Chafing  ^trip,  A  substantial  leather  loop  two  feet  <  high  to  be  placed 
at  each  side  of  the  hoiise  to  protect  the  hose  from  injury'  by  rubbing  against 
the  sharp  edges   at   the  jainbs.  i 


Fig.  117) 


Note  i. — The  leather  should  be,  4n?t^lled  while  the  doors  are  against  the 
sides  of  the  house  so  as  to  insure  unrestricted  movement  of  the  doors. 

12.  Painting. — House  to  be  thoroughly  painted  on  the  outside  with  two 
'gUfod'  coats.  ■'■'■,        '  "  '  '  '••    ;  •  '       •  ■•   <    ■ 

j     .^       ,.  ,      Equipjtnent 

13.  Hose. — a.  Two  or  three-way  hydrant  house9  to  be  supplied  with  100 
feet  of  hose,  attached  ^to  tbp  hydrant,  and  laid  in  laps  on  the  lower  fhelf  as 
shown  in,  Figs.    114  and   117,     This  |ipse  to  have  standard  play  pipe  attached. 

.  ,,  NqTE.— i-Hose  storf?d  and,  att^fihf,d  as.  shown  c^n  be  polled  oflF  without  twist- 
ing short  at  the  coupling.  , 

b.  Four- way  Ijydrant  houses  to  be  supplied  with  two  i  op- foot  Lengths  attached 
..pn    oppojiite   si4es,.3S   ^ownii   Fig.    120.  Digitized  by  V^OOglC     , 
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c.  Each  house  to  be  supplied  with  lod  or  more  feet  of  spare  hose  on  the 
upper  shelf.  This  hose  to  be  stored  in  toils  of  50  feet» '  with  th«  female 
coupling  outside. 

VMalched  Boards  covered  wirh 


Heavy  le"*  Tee  HioV 
bolted  ttirdlDoQrs^ 
fram.n^byVpdr» 


Note. — The  amount  oi  extra  hose  necessary  depends  somewhat  on  circum- 
stances and  may  be  varied  by  Underwriters  having  jurisdiction. 

d.  All   hose   to  be   National   Standard   2%-inch   cotton   rubber-lined. 

Note. — See   list   of   approved   Hose. 

14.  Couplings. — To  be  interchangeable  with  the  public  service  or  nearest 
plant   from  which   assistance  may  be   obtained,  if  there   be   ho  public   service. 

tg.  Play  Pipes. — ^To  be  made  in  accoi-danc^  with  the  National  Standard 
specifications. 

Note. — This  specification  requires  A  Play  Pipe  with  swivel  handles,  a  per- 
fectly smooth  tapering  tube  30  inches  long  wound  and  painted  and  a   i%-inch 
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smooth  bore  noselel .  Nozeles^  ^iih  larger  d^kilngs  'SJ^ould  not  be  used  except 
with  the  consent  of  the  Underwriters  having  jurisdiction,  and  where  there 
is   ample  water   supply. 

See  Bpeciftcations'  for  Play   Pipe  on  page  668. 
■  '1 6.  S'PANNtRS. — ^The'  I'abor  Spatiner  is  recommended^  as  it  is  easily  handled 
by    an    inexperienced    person    and    will    operate    in    either    direction.       See 
Fig.  124. 

i^:  MiscELi^j^SOtTS.— a.    Each    house    to    be    supplied    with    two    axes,   two 
bars,  one  ejctra  play  pipe,  two  ladider  straps,  four  spannets,  one  extra  hydrant 


Fig.  119 


wrench  afifl  ,^ne  heavy  ipill  lantern,  arranged  as  shown  in  Figs.  114,  ii7iOr  120. 

b.  Coils  of  one-half  inph  ,  rop^  to  suit  the  height  of.  buildings  should  be 
hung  in  eacl^.  house.  A  libers^l  supply  of  rubber  hose  washers  should  also 
be  provided  and  hung  in  a  conspicuous  place. 

c.  Hydrant  wrench  to  be  alMrays-  on  the  hydradt. 

NoVE  i.-^The  equipment  for  the  f out-way- house  should  be  increased  in 
proportion  ■  to  the  special  demands  in  each  case. 

Note  2. — A  substantial  12-inch  hand  wheel  attached  to  the^^^^i||^>  may 
be   substituted   for   the   hydrant   wrenches   otherwise   required^ 
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;    Rack  for  Washing* rand  Drying  Hose 

A    hose    drying    rac^   similar   to    that   shown   in    Fig*;  .ijis    is    recommended. 
This  is  a  rack  for  drying  hose-  after  it  has  been  wet'  either  at  a  iire  or  at 
,  a,.testr     The  rack  should   be   ^2   feet   long,   ooe   foo^  hjgh   at  the   lower  end 
and  at  least  3  feet,  high  at  the  upper  end. 

Note. — This  is  a  simple  and  effective  arrangement  and  does  airay  with 
the    neoessity    of    hoisting   the    hose    on    the   outside    of   a   tower   or   building. 

The  rack  facilitates  tms- proper  cAte  of  the  hose,  which  win  tend  to  prolong 
•its  life  and  thus  rediice  the  coatt  of  the  one  •  perishable  part  of  the  equipment. 

The  cut  shows  a  rack  in  three  sections,  3  to  4  feet  wide,  and  with  slatted 
top  so  that  half  a  dozen  lines  of  hose  may  be  dried  at  one  time. 
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Specifications  for  National  Stand^ird  Play  Pipe 

1.  Length. — To  be  30  inches, long  over  all. 

2.  Mountings. — All  mountings  to  be  of  brass. 

3.  Pipe. — a.    To    be    of    rolled    brass    1/16    inch    thick    or    seamless    drawn 
copper  0.05   inch  thick. 

b.  To    have    an    inside    diameter   of   2    17/32    inches   at   the   base    and    1% 
inches   at   the   throat. 

c.  To  extend  through  the  brass  mounting  at  the  throat. 

d.  Waterways   to   bie   iibsolutely   free    froth' rough   drops  of   sblcier  or   other 
projections   and  to   have?   a  smooth  surface  thriughtiut. 

'  NoTE.-^For  best  results '  waterway  shotfld  be  smooth  as  a  ^uti  barrel, 
c.  To   be    wound   with    cord   and   painted. 

4.  Butt. — ^To   be    threaded    to   fit   as   ordered. 

,,    Note. — -Always    usp    City    Fire    Department   standard  .  thread   so   as  to   have 
all    hose    and    pipes    interchangeable.      A.  re^eps  ^should,  be    provided    back  of 
the    thr^^ds    for    retaining    washen 
'    5.  Handles.— To   be   of  the   swivel   pattern   secur^^^J^|i|^<^^0o[^ 
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6.  Nozzle. — ^a.  Td  be's  inches  long  and'hsive  an  ib^ide  diameter  oi  i  is/32 
inch   at   the  base   and    i  Vi    inch   at   the   discharge.      ,. 

Note. — The;  nozzle  is  made  slightly  larger  than  the  end  of  the  pip^  to 
prevent    possibility   of   corner   projecting   against   current. 

b    To  have  a  straight  taper  finished  off  at  discharge  with  an  easy  curve. 

c.  The  tip  of  th^  nozzle  to  be  extra  heavy  and  cut  out  jit  the  discharge 
orifice    to    prevent    bruising. 


Fig.  121 


One -inch  opening 
along  sidea  for 
Ventilation 


1^2 


d.  Inside  of  the  discharge' orifice  fo  be  straight   for   %   inch. 

e.  The  brass  mounting  to  which  the  nozzle  is  screwed  to  be  provided 
with  an  outside  groove  for  retaining  the  washer,  to  be  2  5/16  inch  diameter 
outside    the    threads    and    threaded    with    the    Providence    thread,  (la    to    the 

inch).  ^  -:■■'■■  Digitized  by  VjOOQIC 
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NoTE.-TThe  washer  is  placed  out;side.,to  prevent  it  from  projecting  inside 
the  pipe  and  disturbing  the  stream.  A  projecting  lip  covering  the  edge  of 
the   wanner   prevents   its   being  blown   out   by   the   pressure. 

7.  Workmanship.^ — All  parts  to  be  made,  fitted  and  finished  in  a  first- 
class    workmanlike    manner    throughout. 

8.  Marking.— The  maker's  name  an^  the  year  of  manufacture  to  be 
stamped  on  the  butt  and  the  words  "  National  Standard "  stenciled  on  the 
cord    winding. 

Note. — The  name  "  Underwriter  "  hds  been  largely  used  for  a  considerable 
time  to  designate  this  play  pipe.  While  our  preferences  are  against  the  use 
of  this  word  as  designating  any  piece  of  apparatus,  objection  will  not  b? 
raised  to  its  continuance  in  this  case. 


Fig.  123 
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Fig.  124 
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WATER  SUPPLY  FOR  FIRE  PROTECTION 

QfMintity  Reqtured.-^No  definite  statement  Qanvbe^giTen  as' to 
the  amotiiit  of  water' required  for  protection  of  an  industrial  plants 
store  or  warehouse.  Thi^  depends  upon  the  area  and  height  o^ 
the  building,  ty|>e  of  construction,  exposure  by  other  buildings  and 
class  of  occupandy* 

For  sprinkler  supply,  the  requirements  are  as  •  given  on  piage 
564.  This^  means  a  su|yp]y  of  about  2,000  gallons  a /minute  for 
a  building;  of  .2^,000  sqadlre.leet,ithe  maximum  area  allowed  for 'a 
fireproof  building  in  the  recommended  building  code  of  the  National 
Board  of  JR'ire  Underwriters.  .   , 

For  us,e.^,  hose  lines,  |t  is  pvei]  l^arder  *to  fix.  upon  a  re/quired 
quantity,  as  not,  only.  4p€^  th.^  qu^tipq  of  ho,w  rpuch.  is  needed 
enter  in,  but  also  as  to  how  much  coulcl  be  used  by  the  fire  fighting 
force  which  would  be  Called. in  ii^  case  the  plant  was  completely 
involve.4-  .  J[t  is  safe  to  say.  that  the  minimum  should  ;iever  be 
less  than  500  gallons  a  minute  available  for  at  least  3-  hours  for 
any  plant  or  building  desiring  protection  from  hose  li-nes. '  It  is 
safe  to  assume  a  flow  of  500  gallons  fi-om  a  hydrant  and  that 
all  the  hydrants  within,  Soo  feet  oJF  any  one  part  of  a  building 
will  )be  in  use  at  time  of  a  serious  fire,  and  for  the  extensive  plant 
or-  a  groiup  of  individual  factories,  all  the  hydrants  within  506 
feet  of  the  largest  building  may  be  in  use,  giving  a  possible  maxi- 
mum required  fire  draft  of  5,000  tp  io,ooq  gallons  a  minute. 

Flow  Te9t|k-^InMali  cases  there  should  be  .  absolute  , assurance 
of  a  good  water  supply  for  fire  protection ;  it  should  be  the  aim ' 
of  the  owner  or  his  engineer  to  see  that  the  public  water  supply, 
if  one  is  ,avanable,:  is  at  sufficient  pressure  and  ..can  maintain  an 
adequate. pressure  during  the  maximum  draft  that  the.  system  may 
be  'called  upon  to  deliver;  If  dependence  is  placed  entirely  or 
partly '  upon  a  private  system,  the  san^e  .coTisicleration  must  be 
jriyen.  It  is  possible  in  some  cases  for,  an  .engineer  to  (:ajculate 
suffioently  close  to  give  this  assurance  oi  adequacy  of  water 
supply,  and  in  the  past  it  has  often  been  assumed  that  if  pressure 
were  sufficiently  high  and,  the  main  in  the  street  'was  of  gpqd 
diameter,  even .  calculation,  would  not  be  necessary.  Such  assump- 
tioTis  should  no  longer  be  depended  upon;  simple  methods  of  mak- 
ing tests   are  applicable  and  are  used  by  insurance  inspectors  to 
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great  advantage.  These  should  be  adopted  and  used  by  the  owners 
of  valuable  property  to  a  greater  extent  and  by  water  works  and 
insurance  engineers  whose  duty  it  is  to  see  that  a  good  water 
supply  i^  provided.         ;  .     ,    •   . 

It  is  not  feasible  to  open  up  enough  sprinkler  heads  to  demon- 
strate whether  thai  supply  is  iample;.  i«nd  it  r'esuhsicL  a  large  iaanotyit 
of  ho^e  being  used  if  a  duplication  of  possible  fioe  oondttions  is 
attempted.  Equally  as  good  results  can  be  obtained  :by  measuring 
the!  flow,  from  op(n>  hydoant  'OUtlets>an<Jl:  simultaneomsly  observing 
the  drop  in  pressure  on  the  system.  Test  should  be  made  at  least 
yearly,  as  it  is  only  by  comparative  tests  thi^t  the  effect ;  of  age 
on  a  water  works  system  can  be  kept  tf£|ck  of.  Also  such  tests 
often*  show  that  some  important  gate' valve  has  been  left  closed; 

FIRE  FLOW  TESTS  AS  MADE  BY  THfi  COMMITTEE 
"ON  FIRE  PREVENTIOt^  O*  THE  NATIONAL 
BOARD   OF  FIRE  UNDERWRITERS 

Method. — The  method  of  conductii^g  "  J^'ire  Flow  Tests"  as  .pntctised  by 
the  engineers  of  the  Cohiniittee  on  Fire  Prevention  of  the  National  Roard 
of  Fire  Underwriters  is  a  ^evelopmetit  of  the  schema  of  measuring  dis- 
charges 'frotan  smooth-bore  fird  department  noiszl^s  by  mfeians  of  thfe.  Pf  tot 'tube 
and  gage,  Qviginatet}  by>  Mr.ijohi)  &  Frepman  an<l'>  n^w  ituse^<  by  the 
National  Board  in  its  tests  of  Rre  efigines,  , 

Discharges  directly  from  the  ope^i  butts  of  hydrants  are  subject  to  less 
accurate  ineasurement  than  those  from  smooth*bofe  nozzles;  the  brifi^e  is 
oftennot  'completely  filled,  especially  in  the  case'  of  Steamer  'oMletfe  (4-  or 
4^-incb),.  and  the  velocity  .of  discharge  16  not  unlforn  throughotit  >  the  'part 
that  is  filled;  neither  of  these  features;  is  so  nia^ked  in  the  sV^-ii^ch  outlets 
as   in   the   steamer  outlets- 

Hydrant'  Discharges.— It  is  possiblie  to  measure  hydranV  discharges  with 
considii*abte  aodtiriMirr '  by  the  '  tise  of  short  lifies  of' hose'  and  large  tok>icl^s; 
however,  in  Icities  where  the  normal  hydrant;  pressjires-  are  lo(W,..on\y  a 
small  part  .of  the  total  quai;itity  .available  fo^  engine ,  supply  may  be  obtained 
in  this  way,  and  much  more  time  and  labor  is  consumed  than  when  open 
butt  dis<!hargW  .are  measured.  '  For  these  reasons, '  anct  ill  or'de'r  that  a  repre- 
sent^tivie  mihfbet*''ofi  tests  ihlght  be  made  ih  d  '  f^'^soiiable  'Ihkie'^ifi'  tlie 
various  cities  reported  on  by  the-  National  BoBrd^;  Ifhe 'preseotcschefbe  was 
wqrked  o.ut.  It  is,i^),elieved  that  the;  results,  qhtained^  w^U  shojy  .not  more 
than    5    per   cent    of   error.  '  /  .  -  ,  1 1         • 

The  htimber  of  hydrants"  in  a  group,  al^I  of  which  art  opened  simul- 
tatneously,'  varies  ftom  2  to  6,  or  tven'moit  in  'eitceptional  cases,  itepenifing 
upon,  the .  quai^^ity^  of  v^ater  available,' the  pressures,  and'  thq  character  of 
the  district  in  which  the  test  is  made.  It  is  usual  tp  open  all  available 
outlets  on  the  hydrants  used;  however,  if  the  pressures  are  high  enough 
to  ivu*ni»lk  dffl^tive  streams  direct  from  Hydrants,  it  is  better  to  open  only 
enough  outlflts,.tp  lower i.t^e  presauxe  iii  the  ms^^is  to  a, . figure ' assumed  to 
be  the  minimum  consistent  \vtth  good  fire  service,  •  which  will  range  from 
60'  to  75  pounds  or  more,  depending  upon  the  character  of  the  district. 
Diameters   of   outlets   are    recorded   to    the    nearest   sixteenth   of    an    inch. 

Pressure  Gaged. — The  pressure  in  the  mains  b^if^c^ed^od  during  the  tests 
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is  determined  by  attaching  a  gage  to  a  hydrant  preferably  located  near 
the  center  of  the  group  to  be  tested;  it  is  sometimes  advisable  to  have 
another  gage  at  a  hydrant  outside  the  group,  to  determine  the  loss  of  head 
in  the  main  arteries,  or  a  recording  gage  located  near  the  center  of  the 
distribution  system  may  serve  the  purpose  for  a  number  of  groups.     Know- 

DIAGRAM 

5H0WING 

Reduction  of  Area  of  Free  discharge 

FROM 

Steamer    Outlet    of    Hydrant 

TO    BE    USED    IN     PiTOT     MEASUREMENT 


Area    of  AVz  inch   Outlet  =  15  90 

Plowing     full    with   Uniform    Velocity    Gives     100%     of  Table    Figures 

«     minus  A*-  15  42  -^15.90*97%  or%  of  Table  fiqures 
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SUMMARY 
Hole   /e'High.  Deduct   'Az    from     Discharge   in   Table 
**        '■         "  "        XoWfQ    »  »»  «        w 
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DISCHARGE  THROUGH  CIRCULAR  OUTLETS  IN  GALLONS  PER 
Coefficient  .90 
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1350 

11 

450 

480 

500 

530 

560 

590 

610 

640 

1250 

1300 

1340 

1380 

Hi 

460 

490 

510 

540 

570 

600 

630 

660 

1280 

1330 

1370 

1410 

12 

470 

500 

520 

550 

580 

610 

640 

670 

1310 

1350 

1400 

1440 

12i 

480 

510 

540 

560 

590 

620 

650 

690 

1340 

1380 

1430 

1470 

13 

490 

520 

570 

610 

640 

670 

700 

1360 

1410 

1460 

1500 

13i 

500 

530 

590 

620 

650 

680 

710 

1390 

1440 

1480 

1530 

14 

510 

570 

600 

630 

660 

690 

730 

1420 

1460 

1510 

1560 

14i 

520 

556 

580 

610 

640 

670 

700 

740 

1440 

1490 

1540 

1590 

15 

530 

560 

590 

620 

650 

680 

720 

750 

1470 

1510 

1560 

1610 

15} 

540 

570 

600 

630 

660 

700 

730 

760 

1490 

1540 

1590 

1640 

16 

540 

570 

610 

640 

670 

710 

740 

780 

1510 

1560 

1610 

1670 

16i 

550 

580 

620 

650 

680 

720 

750 

790 

1540 

1590 

1640 

1690 

17 

560 

590 

620 

660 

690 

730 

760 

800 

1560 

1610 

1660 

1720 

17i 

570 

600 

630 

670 

700 

740 

770 

810 

1580 

1640 

1690 

1740 

18 

580 

610 

640 

680 

710 

750 

780 

820 

1600 

1660 

1710 

1770 

18i 

590 

620 

650 

690 

720 

760 

790 

820 

1630 

1680 

1740 

1790 

19 

590 

630 

660 

700 

730 

770 

810 

840 

1650 

1700 

1760 

1820 

19} 

600 

640 

670 

700 

740 

780 

820 

860 

1670 

1730 

1780 

1840 

20 

610 

640 

680 

710 

750 

790 

830 

870 

1690 

1750 

1810 

1860 

21 

620 

660 

690 

730 

770 

810 

850 

880 

1730 

1790 

1850 

1910 

22 

640 

670 

710 

750 

790 

830 

870 

910 

1770 

1830 

1890 

1960 

23 

650 

690 

730 

760 

810 

850 

890 

930 

1810 

1880 

1940 

2000 

24 

670 

700 

740 

780 

820 

860 

910 

950 

1850 

1920 

1980 

2040 

25 

680 

720 

760 

800 

840 

880 

920 

970 

1890 

1950 

2020 

2080 

26 

690 

730 

770 

810 

860 

900 

940 

990 

1930 

1990 

2060 

2130 

27 

710 

750 

790 

830 

870 

920 

960 

1010 

1970 

2030 

2100 

2170 

28 

720 

760 

800 

840 

890 

930 

970 

1020 

2000 

2070 

2140 

2210 

29 

730 

770 

820 

860 

310 

950 

990 

1040 

2040 

2110 

2170 

2240 

30 

750 

790 

830 

870 

920 

970 

1010 

1060 

2070 

2140 

2210 

2280 

31 

760 

800 

840 

890 

940 

980 

1030 

1080 

2110 

2180 

2250 

2320 

32 

770 

810 

860 

900 

950 

1000 

1040 

1100 

2140 

2210 

2280 

2360 

33 

780 

830 

870 

920 

970 

1010 

1060 

1110 

2170 

2250 

2320 

2390 

34 

790 

840 

880 

930 

980 

1030 

1070 

1130 

2210 

2280 

2350 

2430 

35 

810 

850 

900 

940 

990 

1040 

1090 

1140 

2220 

2310 

2390 

2470 

36 

820 

860 

910 

960 

1010 

1060 

1110 

1160 

2270 

2340 

2420 

2500 
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MINUTE  FOR  INDICATED  VELOCITY  PRESSURE  IN  POUNDS 


4* 

41'' 

4i' 

4^' 

4r 

4xV 

4r 

4/.' 

.4r 

4A' 

41' 

4ir 

Pres- 
sure 

300 

310 

320 

330 

340 

350 

370 

380 

390 

400 

410 

»420 

i 

430 

440 

460 

470 

490 

500 

520 

530 

550 

560 

570 

590 

1 

530 

540 

560 

580 

600 

610 

630 

650 

670 

690 

700 

720 

li 

610 

630 

650 

670 

690 

710 

730 

750 

770 

790 

810 

840 

r 

680 

700 

720 

750 

770 

790 

820 

840 

860 

890 

910 

940 

2| 

750 

770 

790 

820 

840 

870 

900 

920 

940 

970 

1000 

1020 

3 

810 

830 

860 

880 

910 

940 

970 

990 

1020 

1053 

1070 

1100 

3i 

860 

890 

920 

950 

970 

1000 

1030 

1860 

1090 

1120 

1150 

1180 

4 

910 

940 

970 

1000 

1030 

1060 

1090 

1120 

1160 

1190 

1220 

1250 

4i 

960 

990 

1020 

1060 

1090 

1120 

1150 

1190 

1220 

1250 

1280 

1320 

5 

1010 

1040 

1070 

1110 

1140 

1180 

1210 

1240 

1280 

1310 

1350 

1390 

5i 

1050 

1090 

1120 

1160 

1190 

1230 

1260 

1300 

1330 

1370 

1410 

1450 

6 

1100 

1130 

1170 

1200 

1240 

1280 

1310 

1350 

1390 

1430 

1470 

1510 

6i 

1140 

1170 

1210 

1250 

1290 

1330 

1360 

1400 

1440 

1480 

1520 

1560 

7 

1180 

1210 

1250 

1290 

1330 

1370 

1410 

1450 

1490 

1530 

1570 

1620 

7* 

1210 

1250 

1290 

1340 

1380 

1420 

1460 

1500 

1540 

1580 

1620 

1670 

8 

1250 

1290 

1330 

1380 

1420 

1460 

1500 

1540 

1590 

1630 

1680 

1720 

8i 

1290 

1330 

1370 

1420 

1460 

1500 

1540 

1590 

1630 

1680 

1720 

1770 

9 

1320 

1370 

1410 

1460 

1500 

1540 

1590 

1630 

1680 

1720 

1770 

1820 

9i 

1360 

1400 

1450 

1490 

1540 

1580 

1630 

1670 

1720 

1770 

1820 

1870 

10 

1390 

1440 

1480 

1530 

1580 

1620 

1670 

1720 

1760 

1810 

1860 

1910 

lOJ 

1430 

1470 

1520 

1570 

1610 

1660 

1710 

1760 

1810 

1860 

1910 

1960 

11 

1460 

1500 

1550 

1600 

1650 

1700 

1750 

1800 

1850 

1900 

1950 

2000 

114 

1490 

1540 

1580 

1640 

1690 

1730 

1780 

1840 

1890 

1940 

1990 

2050 

12 

1520 

1570 

1620 

1670 

1720 

1770 

1820 

1870 

1930 

1980 

2030 

2090 

12i 

-1550 

1600 

1650 

1700 

1750 

1800 

1860 

1910 

1970 

2020 

2070 

2130 

13 

1580 

1630 

1680 

1730 

1790 

1840 

1880 

1950 

2000 

2060 
2090 

2110 

2170 

13§ 

1610 

1660 

1710 

1770 

1820 

1870 

1930 

1980 

2040 

2150 

2210 

14 

1640 

1690 

1740 

1800 

1860 

1910 

1960 

2020 

2080 

2130 

2190 

2250 

14i 

1660 

1720 

1770 

1830 

1880 

1940 

1990 

2050 

2110 

2170 

2230 

2290 

15 

1690 

1750 

1800 

1860 

1920 

1970 

2030 

2090 

2150 

2200 

2260 

2330 

15i 

1720 

1770 

1830 

1890 

1950 

2000 

2060 

2120 

2180 

2240 

2300 

2360 

16 

1750 

1800 

1860 

1920 

1980 

2030 

2090 

2150 

2210 

2270 

2330 

2400 

16i 

1770 

1830 

1890 

1950 

2010 

2060 

2120 

2180 

2250 

2310 

2370 

2440 

17 

1800 

1850 

1910 

1980 

2040 

2090 

2160 

2220 

2280 

2340 

2400 

2470 

17§ 

1840 

1880 

1940 

2000 

2060 

2130 

2180 

2250 

2310 

2370 

2440 

2510 

18 

1850 

1910 

1970 

2030 

2090 

2150 

2220 

2280 

2350 

2410 

2470 

2540 

18i 

1870 

1930 

1990 

2060 

2120 

2180 

2250 

2310 

2380 

2440 

2510 

2580 

19 

1900 

1960 

2020 

2090 

2150 

2210 

2280 

2340 

2410 

2470 

2540 

2610 

19* 

1920 

1980 

2050 

2110 

2180 

2240 

2300 

2370 

2440 

2500 

2570 

2640 

20 

1970 

2030 

2100 

2160 

2230 

2290 

2360 

2430 

2500 

2560 

2630 

2710 

21 

2020 

2080 

2150 

2220 

2290 

2350 

2420 

2490 

2560 

2620 

2700 

2770 

22 

2060 

2120 

2190 

2270 

2340 

2400 

2470 

2540 

2610 

2690 

2760 

2820 

23 

2110 

2170 

2240 

2310 

2380 

2460 

2520 

2600 

2670 

2740 

2820 

2900 

24 

2150 

2220 

2280 

2360 

2430 

2510 

2580 

2650 

2720 

2800 

2870 

2960 

25 

2190 

2260 

2330 

2410 

2480 

2550 

2630 

2700 

2780 

.2850 

2930 

3020 

26 

2230 

2300 

2380 

2450 

2530 

2600 

2680 

2760 

2830 

2910 

2990 

3070 

27 

2280 

2350 

2420 

2500 

2580 

2650 

2730 

2800 

2880 

2960 

3040 

3130 

28 

2320 

2390 

2460 

2540 

2620 

2700 

2770 

2850 

2940 

3020 

3090 

3180 

29 

2380 

2430 

2510 

2590 

2670 

2740 

2820 

2900 

2990 

3070 

3150 

3240 

30 

2390 

2470 

2550 

2630 

2710 

2790 

2870 

2950 

3030 

3120 

3200 

3290 

31 

2430 

2500 

2590 

2670 

2750 

2830 

2920 

3000 

3080 

3170 

3250 

3340 

32 

2470 

2550 

2630 

2720 

2800 

2880 

2960 

3040 

3130 

3220 

3300 

3390 

33 

2510 

2580 

2670 

2760 

2840 

2920 

3000 

3090 

3190 

3260 

3350 

3440 

34 

2540 

2620 

2710 

2800 

2880 

2960 

3050 

3140 

3210 

3310 

3400 

3500 

35 

2590 

2660 

2740 

2830 

2920 

3000 

3090 

3180 

3270 

3360 

3450 

3540 

36 

Digitized  by  VjOOQlC 


676 


Fire  Prevention  and  Protection 


ing  the  loss  of  head  due  to  ordinary  consumption,  and  the  additional  loss 
due  to  the  measured  flow  from  hydrants,  a  close  approximation  may  be 
made  of  the  quantity  available  at  any  given  pressure. 

Area  of  "  No  Flow." — It  has  already  been  noted  that  hydrant  outlets, 
especially  the  large  ones,  are  not  completely  filled  by  the  stream;  the  area 
of  no  flow  is  almost  always  a  segment  in  the  bottom  of  the  outlet,  of 
varying  height  depending  upon  the  design  of  the  hydrant  and  somewhat 
upon  the  velocity  of  the  stream.  Any  projection  into  the  waterway,  such 
as  the  end  of  the  stem  of  an  independent  valve  or  a  roughness  of  the 
nipple,  will  also  produce  small  "  holes "  In  the  stream.  The  area  of  no 
flow  is  in  most  cases  fairly  well  defined,  and  the  shape  of  the  "hole" 
is  sufficiently  uniform  to  enable  its  proportion  to  the  total  area  to  be  deter- 
mined by  measuring  its  height  with  a  rul^;  for  instance,  with  a  4^-inch 
outlet,  a  **  hole "  i  inch  high  forms  10  to  12  per  cent  of  the  area  of  the 
outlet,  a  x%-inch  hole  20  to  25  per  cent,  and  so  on.  The  correction  to  be 
made  may  be  determined  by  referring  to  Figure  126. 

Velocity. — In  determining  the  average  velocity  of  the  stream  issuing 
from  the  outlet,  the  Pitot  tube  is  moved  throughout  the  area,  and  the 
observer  will  soon  train  himself  by  this  traverse  to  fix  upon  a  substantially 
accurate  average;  readings  noted  at  the  center  and  near  the  ends  of  the 
horizontal .  and  vertical  diameters  will  usually  suffice,  and  the  center  reading 
in  a  small  outlet  is  in  most  cases  very  near  the  average  for  the  whole 
area.  Readings  should  not  be  taken  closer  than  %-inch  to  the  sides  of  the 
orifice,  since  there  is  a  noticeable  retardation  of  velocity  caused  by  friction 
against  the  walls  of  the  hydrant  nipple.  This  retardation  necessitates  applying 
a  coefficient  of  discharge,  which  has  been  determined  by  experiment  on  three 
different  makes  of  hydrants,  with  outlets  of  various  sizes  and  with  velocities 
of  discharge  ranging  from  ^  to  28  pounds;  the  discharges  as  measured 
by  the  Pitot  tube  were  compared  with  those  determined  variously  by  Venturi- 
•  meter,  Pitometer  in  supply  main,  and  by  a  Worthington  current  meter.  The 
coefficient  of  discharge  ranged  from  0.85  to  0.96,  with  an  average  of  0.91. 
It  is  therefore  concluded  that  a  coefficient  of  0.90  is  a  fair  one  to  use;  this 
is  to  be  applied  after  allowance  has  been  made,  as  above  noted  in  the  case 
of  outlets  not  completely  filled  by  the  stream.  From  the  tables  on  pages 
674  and  675  results  can  be  readily  figured,  or  for  any  other  size  of  outlet,  a 
discharge  can  be  obtained  as  given  in  the  formula  on  page  699. 

The  Pitot  tube  used  in  determining  discharges  from  hydrant  outlets  has 
a  straight  blade  about  4  inches  long,  which  is  threaded  into  one  end  of  a 
piece  of  %-inch  brass  pipe  8  or  10  Inches  long,  on  the  other  end  of  which 
is  screwed  the  gage  by  which  the  velocity  of  discharge  is  determined;  a 
union  may  be  used  to  keep  the  joints  tight  in  whatever  position  the  gage  may  be. 

Gage  Used. — The  gage  which  appears  to  be  best  suited  for  this  work  is 
3-inch,  graduated  in  half  pounds,  from  o  to  50  pounds.  Such  a  gage  may 
be  read  easily  to  the  nearest  quarter  pound;  corrections  should  be  made 
as  indicated  by  calibrations  before  and  after  using;  either  by  means  of 
a  weight  tester  or  by  comparison  with  an   accurate  test  gage. 

Velocity  heads  of  i  pound  or  more  are  desirable,  since  they  are  read 
with  greater  accuracy  by  the  ordinary  observer,  and  also  because  any 
inaccuracy  in  the  gage  reading  has  less  effect  on  the  correctness  of  the 
discharge  figures.  However,  discharges  may  be  determined  with  considerable 
accuracy  in  cases  where  the  velocity  head  is  as  low  as  %  pound.  It  is 
better  where  discharges  are  small  to  use  only  one  small  outlet,  rather  than 
two  small  ones  or  a  large  one.  Digitized  by  LjOOglC 


Water  Supply  for  Fire  Protection  677 

FIRE  ENGINE  TESTS  AND  FIRE  STREAM  TABLES* 

The  National  Board  of  Fire  Underwriters  issued  a  pamphlet 
in  1910  on  "Fire  Engine  Tests  and  Fire  Stream  Tables,"  which 
is  reprinted  in  this  and  following  pages  by  permission  of  the  Na- 
tional Board  of  Fire  Underwriters. 

PREFACE 

This  pamphlet  has  been  prepared  for  the  purpose  of  assisting 
fire  department  officials  and  others  who  may  wish  to  determine 
the  condition  of  fire  engines.  It  may  also  be  of  service  in  testing 
the  capacity  of  new  engines  with  a  view  to  their  acceptance  by 
a  city. 

Tests  similar  to  those  outlined  herein  have  been  adopted  by  many 
fire  departments  and  are  being  made  by  our  engineers  in  their 
investigation  of  cities  throughout  the  country,  so  that  by  corre- 
sponding with  this  Board,  the  location  of  the  nearest  field  party 
may  be  ascertained  and  if  desired,  an  opportunity  afforded  to 
observe  such  ttests. 

The  appended  fire  stream  tables,  on  pa^es  702  to  723,  are  based 
on  tests  of  rubber-lined  fire  hose  made  m  October,  1909,  by  our 
engineers,  with  the  assistance  of  the  New  York  Fire  Department 
and  the  co-operation  of  the  Department  of  Water  Supply  of  New 
York  City.  These  tables  may  also  be  used  to  find  the  approximate 
amount  of  water  used  at  a  fire,  if  engineers  will  observe  from  time 
to  time  the  water  pressure  carried  and  the  length  of  time  at  work. 
With  an  approximate  average  of  the  water  pressure  at  each  engine, 
the  amount  of  water  delivered  per  minute  can  be  found  for  each 
line  if  the  size  of  nozzle  and  length  of  hose  is  also  known.  Copies 
of  this  pamphlet  will  be  sent  to  such  captains  of  companies  and 
engineers  of  steamers  as  would  use  them  in  keeping  accurate 
records  of  the  performance  of  their  engine  at  fires. 

NATIONAL  BOARD  OF  FIRE  UNDERWRITERS. 
Committee  on  Fire  Prevention, 
76  William  Street, 
August,  1915.  New   York. 

PRACTICAL  TESTS  FOR  FIRE  ENGINES 

It  is  the  purpose  of  this  manual  to  set  forth  convenient  and  practical  meth- 
ods of  making  fire  engine  tests  which  will  show  the  physical  condition  of 
engines,  their  capacity  for  delivering  water  at  a  reasonable  pressure  and  the 
ability  of  the  operating  crews.  The  method  described  has  been  in  use  for  a 
number  of  years  and  has  been  found  practical,  exsict  and  of  great  value. 
Although  methods  similar  to  that>  described  below  are  in  use  in  some  depart- 
ments, the  character  of  tests  made  in  many  cities,  and  especially  those  for 
acceptance,  are  usually  more  spectacular  than  exact.  The  throwing  of  a 
stream  over  a  church  spire,  city  hall  or  court  house  does  not  necessarily  show 
that  the  engine  is  capable  of  delivering  its  full  rated  capacity  at  a  proper 
working  pressure. 

Investigation  has  shown  that  where  regular  and  systematic  tests  of  engines 
are   not   made,   even   in    well   managed   fire   departments,    defects   often    exist 

*  Copyrighted,  1910,  by  the  National  Board  of  Fire  Underwriters r^xemanted 
in  this  book  by  permission.  Digitized  by  V^UOg^rL 
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Plate  I. — Apparatus  for  Testing  Fire  Engines 
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which  may  continue  unsuspected  for  considerable  periods  and  become  manifest 
under  the  stress  of  a  large  fire,  where  the  engine  is  called  upon  to  deliver  its 
full  capacity  under  suitable  working  pressures.  Furthermore,  regular  tests 
are  a  most  valuable  drill  for  engine  crews,  for  in  only  a  few  departments  do 
they  receive  sufficient  training  in  operating  engines  to  capacity.  The  break- 
down of  an  engine  at  a  fire  or  the  inability  of  the  crew  to  operate  it  to 
capacity  may  be  the  direct  cause  of  confusion  and  the  needless  loss  of 
property  and  perhaps  of  life,  to  the  discredit  of  the  department. 

Contracts  for  new  fire  engines  usually  contain  guarantees  that  the  engine 
will  deliver  a  certain  quantity  of  water,  but  often  do  not  specify  the  pressure 
at  which  it  is  to  be  delivered,  nor  provide  for  any  definite  testa  which  will 
accurately  determine  whether  the  engine  has  fulfilled  the  guarantee;  or,  in 
other  words,  if  the  department  is  getting  what  it  is  paying  for.  In  several 
cities,  engines  are  required  to  fill  large  measured  tanks  in  a  specified  time,  but 
this  is  a  cumbersome  method  at  best,  and  such  tanks  are  frequently  unavailable; 
this  usually  gives  no  definite  results  as  to  pressure  obtained  and  power 
developed. 

STEAM  FIRE  ENGINES 

What  Test  Should  Show. — A  practical  test  should  show,  with  fair  accur- 
acy, the  condition  of  both  water  and  steam-  ends'  of  pumps  and  the  condition 
of  the  boiler;  determine  the  amount  of  water  which  the  engine  will  pump 
at  a  reasonable  working  pressure,  such  as  would  be  required  when  operating 
at  a  large  fire;  demonstrate  the  ability  of  the  engine  to  draft  water,  whether 
the  pumps  and  waterways  are  tight  under  high  pressures  and  steam  valves 
are  properly  set,  and  whether  the  coal  used  is  quick  steaming  and  free  from 
objectionable  impurities.  In  addition,  the  test  should  be  of  such  a  character 
as  to  approach  the  working  condition  at  a  serious  fire  where  the  full  capacity 
of  the  engine  would  be  required,  and  at  the  same  time  be  easily  understood. 
The    following   tests   are   intended  to  bring  out  all   of   these   points. 

Displacement  Test. — The  displacement  test  indicates  very  closely  the 
actual  condition  of  the  pumps  as  a  whole  and,  in  conjunction  with  the  high 
pressure  and  valve  tests,  the  condition  of  the  plungers,  pump  valves,  packing, 
etc.  The  high  pressure  test,  in  connection  with  the  results  obtained  from 
the  capacity  test,  indicates  the  setting  of  steam  valves  and  condition  of  steam 
cylinders  and  packed  joints.  The  capacity  test  shows  the  steaming  quality 
of  the  boiler  under  heavy  draft  and  the  ability  of  the  engine  to  make  suf- 
ficient speed  to  develop  its  capacity  when  working  against  a  reasonable 
water  pressure.  If  the  test  is  made  from  a  cistern  or  reservoir,  it  will 
show  the  ability  of  the  engine  to  draft;  if  made  from  a  hydrant,  the  per- 
centage of  slip  obtained  will  indicate  this  feature,  as  an  engine  showing 
less  than  7  p«r  cent  slip  may  be  depended  upon  to  take  suction  satisfactorily. 
Incidentally,  the  test  also  shows  the  ability  of  the  engine  crew  in  operating 
and    stoking   the   etigine. 

Any  machine,  when  new,  should  be  capable  of  greater  work  than  after  sev- 
eral years  of  service;  for  this  reason,  a  new  engine  should  be  given  an  accept- 
ance test  at  least  as  severe  as  any  work  it  may  have  to  perform  in  actual 
service.  This  test  should  bring  out  not  only  the  capacity  to  pump  the  actual 
volume  of  water  specified  by  the  maker  as  the  rated  capacity,  but  also  to  do 
this  at  a  good  working  pressure. 

A  good  specification,  applying  equally  well  to  steam  fire  engines  and  automo- 
bile fire  engines,  is  that  the  engine  should  deliver  its  fiill  rated  capacity  at  120 
pounds  net  pressure  and  50  per  cent,  of  its  rated  capacity  at  200  pounds  net 
pressure.  This  will  assure  sufficient  boiler  capacity  in  steam  fire  engines  and 
motors  of  high  enough  power  in  automobile  fire  engines,  gjtized  by  CjOOQ IC 
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Engines  in  service  need  not  be  given  as  severe  a  test  as  those  being 
accepted,  as  it  is  mainly  their  general  condition  that  is  to  be  ascertained; 
for  this  reason,  lOO  pounds  net  water  pressure  would  seem  a  sufficiently 
high  requirement  for  the  ordinary  capacity  test,  which  should  be  made  at 
least  pearly. 

Apparatus  Necessary  for  Testing. — For  the  tests  outlined  below,  no 
elaborate  or  costly  outfit  is  needed,  the  only  special  appliances  absolutely 
required   being   as   shown   on    Plate    I   and   listed   below: 

A  revolution  or  speed  counter   (Figures   7,   13  and   18). 

A  stop-watch  and  wrist  strap  (Figure  11). 

A  small  Pitot  tube  (Figure  5). 

An  air  chamber  on  Pltot  (Figure  6). 

Two  or  more  pressure  gages  (Figures  2  and  3). 

A  set  of  smooth  bore  nozzles  (Figures  9  and  10). 

A  hydrant  or  engine  discharge  cap  (Figure  i). 

Appliances  for  attaching  counter  (Figures  14  and  15  or  Figure  16). 

For  convenience,  it  is  desirable  to  have  a  Pitot  bracket  (Figure   17). 

This  is  shown  attached  in  Figure  8,  with  a  special  form  of  elbow  (Figure  4) 
and  ]^-inch  bent  rod  (Figure  12). 

NOZZLE  STREAM  PITOT 


Scale  Full  Size 
,  To  be  of  brass  and  fini8hed.smootb. 

The  revolution  counter  should  be  of  a  type  easily  attached  to  the  engine 
frame,  or  any  convenient  part,  and  so  made  as  to  register  accurately  at 
any  speed  likely  to  be  reached  by  a  reciprocating  engine  and  be  easily  read. 
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The  counter  may  be  provided  with  straps  for  attaching  to  engine,  or  with 
the  clamp  and  angle  iron  shown  on  Plate  I,  Figrures  14  and  15,  and  Plate  II, 
or  with  bolts  and  slotted  lugs  as  6hown  in  Plate  I,  Figure  16. 

For  high  speeds,  and  particularly  where  the  speed  is  uniform,  as  with  motor 
driven  pumps,  the  speed  counted.  Figure  13,  is  best;  30  second  or  i  minute 
readings  can  be  taken  from  some  shaft  at  frequent  intervals. 

Most  Tachometers  and  speed  indicators  are  unsuitable  for  steam  fire  engine 
work,  as  the  vibration  is  apt  td^  render  their  readings  unreliable,  and  the  vari- 
ation in  speed  makes  their  readings  of  little  value. 

A  stop-watch  can  be  purchased  for  less  than  $10,  although  an  ordinary 
watch   can  be   used. 

The  Pitot  tube  may  be  any  of  several  suitable  types  now  on  the  market, 
or  may  be  readily  constructed;  dimensions  are  given  below.  It  should  be  con- 
nected by  %-inch  brass  pipe  fittings  to  a  pressure  gage;  to  prevent  vibration 
of  the  needle,  an  air  chamber  should^ be  provided  as  shown  in  Plate  I. 

The  pressure  gages  should  be  preferably  not  more  than  3^  inches  in  diam- 
eter ,4  in  order  that  they  may  be  conveniently  handled.  They  should  be  without 
a  rest  pin  for  the  needle,  in  order  that  any  disarrangement  of  the  needle  may 
be  readily  observed;  one  capable  of  indicating  a  vacuum  should  be  provided 
if  a  gage  is  used  on  the  suction;  the  Pitot  gage  should  read  up  to  200  pounds, 
and  be  divided  preferably  for  every  pound  and  marked  every  5  or  lo  pounds; 
the  pressure  gage  should  read  up  to  300  pounds,  and  where  tests  to  250 
pounds  are  made,  to  400  pounds,  and  may  be  divided  only  for  every  5  pounds. 
Gages,  especially  those  used  with  the  Pitot,  should  be  of  good  quality  and 
accurate.  They  should  be  carefully  calibrated  (tested)  with  a  weight  tester 
or  a  standard  gage  before  each  day's  work.  ' 

Nozzles. — Nozzles  suitable  for  testing  are  usually  found  in  the  regular 
equipment  of  every  fire  department.  Only  smooth  bore  tapered  nozzles  should 
be  used,  as  discharges  from  ring  nozzles  are  uncertain.  Care  should  be 
taken  that  the  tips  are  not  nicked  or  otherwise  injured,  and  that  washers 
do  not  project  Into  the  pipe,  as  a  perfectly  smooth  waterway  is  essential. 
The  ring  nozzles  on  many  engines  have  loose  rings,  which  may  be  slipped 
out  by  unscrewing  the  end  cap,  leaving  a  suitable  smooth-bore  tip.  Shut-off 
nozzles  should  not  be  used,  as  these  generally  have  interior  projections  or 
breaks  in  the  waterway,  likely  to  cause  eddies  in  the  stream.  Where  much 
testing  is  to  be  done,  it  is  better  to  set  aside  nozzles,  keeping  them  solely 
for  that  purpose.  The  bore  of  nozzles  should  be  accurate  to  size  within 
1/1,000  of  an  inch  and  carefully  measured.       , 

Checking  Engine  Gage. — The  engine-discharge  cap,  or  hydrant  cap  (in 
most  cities  these  have  the  same  thread)  is  tapped  for  %-inch  pipe  thread 
and  fitted  with  a  nipple  and  stop-cock  for  attaching  the  test  gage.  By  attach- 
ing to  the  discharge  outlet  of  the  engine  as  shown  on  Plate  II,  the  engine 
water  gage  and  the  test  gage  may  be  compared  to  determine  if  the  engine 
gage  is  correct.  Where  there  is  time  to  detach  the  water  gage  and  a 
testing  set  is  available,  the  gage  can  be  more  accurately  checked.  The  steam 
gages  are  less  likely  to  get  out  of  order,  being  less  subject  to  sudden 
fluctuations,  and  a  comparison  of  readings  of 'side  and  rear  steam  gages  will 
usually  be  sufficient.  If  the  engine  has  no  suction  gage  or  tapped  auction 
cap,  the  engine  or  hydrant  cap  should  be  used  on  the  second  outlet  of  the 
hydrant  when  testing  an  engine  at  a  double  outlet  hydrant. 

Personnel. — Tests  are  best  made  by  a  supervisor  (as  the  master  mechanic 
or  other  officer  conducting  the  test  will  hereafter  be  called),  with  an  assistant 
accustomed  to  reading  gages.  Tables  showing  the  discharge  at  various 
pressures  through  different  nozzles,  for  use  with  Pitot  tube  readings,  are 
to  be  found  on  pages  704  and  705.     A  suitable   form  for  recording  dataCof 
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Plate  II. — Method  of  Attaching  Gages  and  Counter  for  Testing  Engines 
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tests  is  shown  on  p^ge  686,  and  until  the  supervisor  becomes  familiar  with 
tests,  it  is  advisable  to  use  a  similar  form  at  the  tests  in  order  not  to  over- 
look any  necessary  data.  Later,  a  pocket  note-book  will  doubtless  be  found 
more   convenient,   care   being  taken   to   record  all   the  necessary   data. 

Preliminary  to  Test. — If  possible,  calibrate  gages  of  engine  before  the 
test,  by  detaching  and  comparing  on  a  portable  gage-testing  set.  They 
should  be  calibrated  in  the  position  in  which  they  are  to  be  used,  either 
horizontally  or  vertically.  If  this  is  not  done,  check  water  and  suction 
gages  at  test,  as  expliuned  below. 

If  it  is  desired  to  determine  the  ability  of  the  regular  engine  crew,  the 
engine  should,  of  course,  be  operated  by  them;  if  the  condition  and  capacity 
of  the  engine  are  the  unknown  factors,  a  crew  known  to  be  efficient  should 
be  selected. 

If  there  is  any  convenient  body  of  water,  or  cistern,  where  water  may 
be  drafted  with  at  least  lo  feet  of  lift,  then  test  should  be  made  at  draft; 
otherwise,  attach  engine  to  hydrant,  care  being  taken  to  get  a  hydrant  attached 
to  a  large  main  (8-inch  or  larger),  and  that  the  hydrant  pressure  is  not 
excessive,  preferably  below  40  pounds.  Four-inch  or  larger  suction  should 
be  used.  After  suitably  stationing  engine,  light  the  fire;  note  the  time 
when  smoke  comes  from  stack,  when  steam  gage  needle  moves,  at  50  pounds 
of  steam,  at  100  pounds,  and  pressure  and  time  of  blowing  off.  If  engine 
has  hot  water  in  boiler,  this  may  be  omitted,  noting  only  the  pressure  at 
which  safety  valve  blows  off.  Then,  if  water  gage  on  engine  has  not  been 
calibrated  (checked),  attach  hydrant  cap  and  200-pound  test  gage  to  engine 
discharge  outlet.  Record  zero  of  all  three  gages — water,  suction  and  test 
gages;  open  hydrant  and  record  static  pressure  on  all  three  gages;  then  with 
churn  (hand  relief)  valve  partly  open  and  discharge  gates  shut,  pump  up 
pressure  and  compare  test  and  water  gages  at  80  pounds,  100,  no,  120,  etc., 
up  to  120  pounds  over  t^e  static  or  hydrant  pressure.  If  engine  has  no 
suction  gage,  one  of  the  suction  caps  on  the  engine  can  be  tipped  to  connect 
the  gage  or  the  engine  or  hydrant  cap  provided  with  the  second  gage  should 
be  attached  to  one  hydrant  outlet. 

Let  supervisor  and  assistant  compare  watches  and  set  second  hands 
together,  or  nearly  so;  this  is  more  quickly  accomplished  if  one  watch  has  a 
stop-hand.  The  supervisor  will  find  it  convenient  to  tie  his  watch  to  coat 
or  wrist  in  order  to  leave  his  hands  free  to  hold  note-book  or  Pitot.  A 
leather  watch  holder  and  wrist  strap,  as  shown  on  Plate  I,  such  as  any 
harness  maker  can  make,  is  a  convenient  appliance  for  this  purpose.  Attach 
the  revolution  counter  and  connect  with  one  of  the  eccentric  strap  oil 
cups  or  studs  by  a  short  length  of  cord,  have  engine  started  slowly  and 
adjust  counter   cord  so   that  each   revolution   registers. 

Displacement  and  Capacity  Test. — While  the  engine  is  getting  up  steam, 
have  firemen  lay  hose  and  connect  nozzle.  If  testing  on  a  paved  street, 
it  is  best  to  lay  nozzle  down  in  gutter.  Use  a  play-pipe  holder  or  tie  nozzle 
to  any  convenient  post,  in  order  to  prevent  pipe  getting  way  from  pipeman 
and    doing    damage. 

For  the  larger  engines,  attach  a  line  of  hose  on  each  side  of  the  engine 
and  connect  into  the   Siamese  of  a  deluge   set. 

With  the  smaller  size  engines,  it  is  usually  more  convenient  to  use  a 
single  line  from  one  side  of  the  engine;  when  deluge  sets  are  not  available, 
single  lines  may  be  used  on  the  larger  engines.  In  the  tables  on  pages 
692  and  693,  the  length  of  hose  and  size  of  nozzle  best  adapted  for  testing 
engines  of  various  sizes  are  given.  In  testing  with  the  Siamesed  lines, 
start  the  engines  with  both  lines  open  and  bring  it  up  to  speed;  if  the 
desired  water  pressure  is  not  obtained,  close  the  discharge  gate  onO^ICline 
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slowly  until  the  gage  indicates  the  proper  pressure.  Similarly,  with  a 
single  line  attached,  the  gate  is  closed  slowly  after  engine  has  obtained  its 
full  speed  until  the  desired  pressure  is  obtained. 

The  supervisor  can,  from  time  to  time,  regulate  this  discharge  gate  to 
keep  the  desired  water  pressure,  although  if  the  crew  operates  the  engine 
properly  but  little  change  will  have  to  be  made  throughout  the  test.  The 
engineer  can  be  instructed  to  direct  all  his  attention  to  operating  his 
engine  to  full  capacity,  and  the  supervisor  or  testing  engineer  can  regulate 
the  water  pressure,  take  the  readings  of  the  revolution  .counter,  steam,  water 
and  suction  gages,  while  his  assistant  takes  readings  of  the  nozzle  pressure 
throughout   the    test. 

Wheti  Siamesed  lines  are  used,  should  the  engine  not  be  able  to  maintain 
the  desired  water  pressure  with  one  line  shut  off  entirely,  add  another 
length  of  hose  to  each  side,  or  use  a  nozzle  %-inch  smaller.  With  single 
lines,  when  the  engine  cannot  maintain  the  desired  pressure  without  undue 
throttling  of  the  discharge  valve,  use  a  smaller  nozzle  or  add  another  length 
of  hose.  The  nozzle  readings'  should,  if  possible,  be  over  40  pounds,  as 
below  this  point  readings  must  be  very  nearly  constant  to  give  accurate 
results. 

Should  water  pressure  at  the  engine  be  too  high  with  both  lines  wide 
open,  use  a  larger  nozzle  or  cut  out  a  length  of  hose  from  each  side. 

Relief  valves  should  be  closed,  sprinkler  used  only  as  needed,  and  feed  ^ 
pumps  operated  regularly.  The  capacity  t^st  should  last  at  least  20  minlites 
from  the  time  the  engine  reaches  full  speed.  During  this  time  the  water 
pressure  at  the  engine  should  be  constant  and  such  as  to  give  a  n«^  water 
pressure  over  the  suction  pressure  of  100  to  120  pounds.  Unless  the  rubber 
tires  cause  undue  vibration,  a  modern  engine,  if  in  good  condition,  can 
safely  run  for  an  indefinite  period  at  400  to  425  feet  of  piston  travel  per 
minute,  that  is,  300  to  320  revolutions  for  an  8-indh  stroke. 

It  is  usually  better  to  hold  about  10  pounds  over  the  pressure  actually 
required,  when  the  water  pressure  fluctuates  much,  as  most  engineers  read 
the  top  of  swing  of  a  gage  needle,  while  the  supervisor,  of  course,  should 
read  the  middle  of  the  vibration.  Gages  may  be  throttled  to  prevent  excessive 
vibration,  but  should  always  show  some  vibration  to  get  true  readings.  A 
better  method  of  preventing  excessive  vibration  of  needle  on  gage  is  to 
attach  a  small  air  chamber  to  the  connection  near  the  gage;  such  an  appli- 
ance is  shown  attached  to  gage  used  on  Pitot  tube.  During  the  capacity 
test,  the  supervisor  should  read  counter  (exactly  at  minute)  and  steam, 
water  and  suction  gages  each  minute  in  regular  order,  and  note  the  handling 
and  stoking,  feed  water,  leaks,  uneven  steam  pressure,  blowing  off,  foaming 
of  boiler,  accidents,  and  the  other  little  details  which  his  experience  teaches 
him  to  observe.  Meanwhile  the  supervisor's  assistant  should  read  tbe  nozzle 
pressure  every  H  minute.  Special  care  should  be  taken  in  reading  the  nozzle 
pressure.  The  '  Pitot  should  be  held  in  the  middle  of  the  stream,  with  the 
tip  about  one-half  the  diameter  of  the  bore  from  the  end  of  the  nozzle. 
Gage  should  be  horizontal  or  vertical,  according  to  the  position  in  which  it 
was  calibrated,  and  at  the  same  level  as  the  end  of  the  nozzle.  This  is 
shown   on    Plate   III. 

High  Pressure  Test. — After  a  run  of  20  minutes  in  which  there  were 
no  serious  interruptions  to  readings,  and  pressure  was  maintained  at  an 
average  of  at  least  100  pounds  net,  stop  stoking;  shut  down,  close  dischai^ 
gates,  partly  open  churn  valve  and  get  steam  down  to  between  70  and  80 
pounds,  drawing  fire  if  necessary.  Then  start  engine  slowly,  and  gradually 
close  chum  valve  tight.  See  that  all  other  openings,  feed  pump«,  sprinklers, 
relief   cocks,   etc.,   are   shut.     Let  engine  turn   in  this  condition   for  one  or 
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Plate  III. — Showing  Use  of  Nozrle  Pitot 

Digitized  byVjOOQlC 


684  Fire  Prevention  and  Protection 

two  minutes;  observe  the  number  of  revolutions,  and  the  water,  steam  and 
suction  (now  static)  pressures;  note  any  uneven  motion  of  engine,  blowing 
through  of  steam  or  imperfect  valve  setting,  leaks  in  steam  or  water  ends, 
or  fittings,  etc.  If  pumps  are  in  good  condition  and  valves  set  correctly, 
speed  should  not  be  over  one  revolution  in  lo  seconds  in  any  modem  type 
engine.  (This  does  not  apply  to  a  Silsby  or  a  Button.)  With  70  pounds 
steam  and  50  pounds  suction,  water  pressure  will  reach  about  250  pounds; 
this  is  perfectly  safe  and  not  a  severe  test,  as  such  pressures  are  frequently 
met  in  operation  when  long  lines  are  used. 

Valve  Tests. — ^After  taking  the  observations  ifor  the  high  pressure  test, 
shut  Off  throttle  of  engine  and  open  cylinder  drips.  Note  the  drop  in  water 
pressure  for  say  one-half  minute.  The  manner  in  which  this  pressure  holds 
up  is  an  indication  of  the  condition,  of  the  discharge  valves.  A  drop  of  not 
over  is  pounds  ih  one-half  minute,  provided  there  artf  no  external  leaks 
visible  around  the  pump,  indicates  a  fairly  good  condition  of  the  valves. 

Suction  Test. — If  the  engine  has  been  tested  at  a  hydrant,  its  ability  to 
draft  may  be  determined  as  follows,  provided  it  is  equipped  with  a  compound 
suction  gage  or  one  of  the  suction  caps  is  tapped  to  receive  a  compound 
gage:  Disconnect  engine  from  hydrant  while  there  is  still  some  steam 
pressure  on  boiler,  put  both,  suction  caps  on  tight,  open  one  of  the  discharge 
gates  and  then  open  throttle,  allowing  engine  to  run  at  a  moderate  speed, 
observe  the  reading  of  the  compound  gage  while  running,  and  also  after 
shutting  down.  The  drop  of  the  vacuum  after  shutting  down  is  an  indication 
of  the  condition  of  the  suction  valves,   provided  all  joints  are   good. 

To  Figure  Displacement. — (Displacement  is  figured  as  indicated  for  sample 
test,  pages  688  and  689.)  In  averaging  the  nozzle,  steam,  water  and  suction 
pressures,  subtract  %  of  first  and  last  readings  from  sum  of  readings  used 
(see  page  689  and  sample  test  sheet).  Average  the  nozzle  pressure  durmg  a 
period  in  which  the  engine  ran  steadily,  water  pressure  was  well  maintained 
and  the  nozzle  pressure  varied  the  least.  Wheri  possible,  use  a  20-minute 
period  in  'figuring  the  displacement;  if  for  any  reason  there  is  much  variation 
in  the  nozzle  pressure,  say  over  10  per  cent  during  any  one  minute,  select 
as  long  a  period  as  possible,  but  at  least  10  minutes,  during  which  the 
pressure  has  been  well  maintained.  Correct  for  gage  error.  Take  out 
corresponding  gallons  from  table,  pages  700  and  701  interpolating  for  odd 
pressures  or  for  odd-slzc  nozzles. 

Example:    1%"  nozzle,  61  pounds  nozzle  pressure: 

62  pounds   nozzle  pressure  gives 525  gallons 

60        *•  **  "  " 517  gallons 

or   2  pounds   give  a  difference  of 8  gallons 

and  I  pound  gives  %  of  this,  or 4  gallons 

Therefore,    61    pounds   nozzte    pressure =517+4 

=521  gallons 
Example:     i   9/16"  nozzle,  60  pounds  nozzle  pressure: 

60   pounds  through    i  %"   nozzle  gives 607  gallons 

60        *•  "         i%"        '*         **     517  gallons 


or    % "   difference  in   nozzle   diameter  gives 90  gallons 

and   1/16"     "  *•        '•  "  "     45  gallon* 

=562  gallo 


.  45  gallon* 

Therefore,   i   9/16"  nozzle  at  60  pounds  gives «....     517+45 

lions 

For  odd-size  nozzles,  the  discharge  can  be  accurately  obtained  by  using 
the  formula  on  page  696. 

Divide  the  average  gallons  discharged  by  the .  average  revolutions  per 
minute  to  obtain  the  actual  net  displacement  of  the  pumps.  The  nominal 
displacement  will  be  found  from  the  table,  page  690,  allowing  for  the  pump 
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rods.  The  dimension  of  the  pumps,  such  as  stroke,  diameter  of  pump  barrel 
and  pump  rods,  should  be  accurately  measured,  if  in  question.  The  difference 
between  actual  and  nominal  displacements  is  the  slip,  which  should  be 
from  3  to  5  per  cent  of  the  nominal  displacement  in  a  new  engine  (6  per 
cent  in  a  rotary);  of  this,  about  %  per  cent  is  due  to  the  feed  water  (i 
per  cent  with  a  Button  or  Silsby  engine).  After  engine  has  been  in  use  a 
few  months,  slip  will  generally  increase  about  i  per  cent;  thereafter,  if 
valves  and  packings  are  given  proper  attention,  there  should  be  only  a  slight 
increase.  A  slip  of  lo  per  cent  or  over  indicates  broken  or  displaced  valve 
springs,  and  more  than  this,  a^  badly  worn  plunger  or  pump  barrel,  or 
possibly  a  leaky  Suction.  In  a  rotary,  the  wear  is  principally  in  the  putnp 
cam  slides,  which  will  also  stick  at  times,  causing  increased  slip  even  if 
not    worn.  *" 

To  Figure  Capacity. — ^When  the  engine  is  run  for  20  minutes  at  a  uniform 
speed  during  the  displacement  test,  the  average  discharge  measured  at  the 
nozzle  by  the  Pitot  is  the  capacity  of  the  engine.  If  only  a  10-minute  period 
of  the  tun  is  used  for  figuring  the  displacement,  the  capacity  of  the  engine 
is  determined  by  multiplying  the  actual  displacement  .  (found  in  the  dis- 
placement test)  by  the  average  revolutions  per  minute  during  a  20-minute 
period  in  which  the  engine  worked  at  its  full  capacity.  Steam,  water  and 
suction  pressures  during  the  capacity  run  should  be  averaged  and  corrected 
for  gage  error.  In  figuring  percentage  of  capacity  delivered,  for  a  new  fire 
engine,  it  is  well  to  use  contract  figures  for  the  rated  capacity  which  the 
engine  is  guaranteed  to  deliver.  A  capacity  due  to  a  piston  travel  of  400 
to  420  feet  per  minute  (300  to  315  revolutions  for  8-inch  stroke)  less  a  3 
per  cent  allowance  for  slip,  is  reasonable  for  a  modem  engine;  older  types 
vary  considerably.  ^ 

AUTOMOBILE  AND  MOTOR  DRIVEN  FIRE  ENGINES 

In  so  far  as  they  apply,  the  same  tests  are  desirable  for  automobile  and 
motor  driven  pumping  engines  as  for  steam  fire  engines;  the  same  methods 
for  measuring  the  water  discharged,  calibrating  (testing)  water  gauges,  calcu- 
lating the  actual  and  nominal  displacement  and  slip  of  the  pumps,  and  aver- 
aging the  net  water  pressure  may  be  used.  Valve  and  suction  tests  may  be 
made  in  much  the  same  manner  as  with  steam  fire  engines,  for  piston  or  rotary 
displacement  pumps;  for  centrifugal  or  rotary  gear  pumps,  they  will  not  apply. 

Owing  to  the  characteristics  of  the  gasoline  motor,  certain  modifications  and 
additional  tests  are  advisable.  The  capacity  test  should  be  run  longer  than  is 
usually  necessary  with  a  steam  engine.  It  is  suggested  that,  for  acceptance, 
engines  of  this  type  be  required  to  deliver  their  full  rated  capacity  at  120 
pounds  average  net  pressure  for  2  hours,  50  per  cent,  of  their  rated  capacity 
at  200  pounds  average  net  pressure  for  %  hour,  and  33  per  cent,  of  their 
rated  capacity  at  250  pounds  average  net  pressure  for  %  hour.  Tests  should 
preferably  be  made  when  drafting  with  about  10  feet  of  lift,  especially  if  the 
engine  may  be  required  to  draft  water  from  a  river,  canal  or  cistern  when  in 
service.  With  a  motor  driven  pump  the  high  pressure  test  recommended  on 
page  682  for  steam  engines  becomes  inadvisable.  The  %-hour  runs  at  high 
pressures  serve  to  show  the  action  of  motor  and  pump  under  high  pressures, 
and  whether  the  gear  ratios  are  properly  arranged.  The  tables  on  pages  692 
and  693  may  be  used  to  determine  the  length  of  hose  and  size  of  nozzles  to  be 
used  with  an  engine  of  any  given  or  guaranteed  capacity.  If  two  streams  are 
preferred  for  the  capacity  test,  the  tables  beginning  on  page  702  will  be  found 
convenient  in  laying  out  the  length  of  hose  and  size  of  nozzles  to  be  used. 
If  the  relief  valve  connection  between  discharge  and  suction  side  of  pump  is 
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small  or  tortuous,  it  may  be  desirable  to  make  an  additional  test  with  a  i^- 
inch  shut-off  nozzle  on  a  line  of  about  300  feet  in  length,  and  with  the  engine 
pumping  at  120  pounds  pressure.  The  relief  valve  should  be  set  to  operate  at 
about  10  pounds  higher  than  the  pressure  to  be  carried,,  and  when  the  nozzle 
is  closed  should  permit  the  engine  to  run  with  an  increase  of  not  over  30 
pounds  pressure.  The  motor  should  start  the  pump  readily  with  the  hand  relief 
valve  open  and  the  discharge  gates  dosed. 

For  a  two-hour ,  rua,  nozzle  i^and  engine  pressures  may  be  recorded  every 
5  minutes,  after  the  engine  is  brought  up  to  speed,  as  with  any  reliable  motor 
the  speed  and  pressure  will  be  nearly  uniform.  If  it  is  inconvenient  to  attach 
a  continuous  reading  counter  to  the  pump,  the  speed  may  be  taken  for  one 
minute,  during  each  five-minute  interval,  using  a  speed  counter.  On  some 
makes'  of  pumps  it  is  feasible  to  take  the  pump  speed  directly  from  the  end 
of  the  pump  sha'ft,  by  removing  a  toot  board  or  bracket;  on  other  makes, 
speed  may  be  taken  at  the  engine,  on  the  end  of  a  circulating  pump  shaft, 
timing  shaft,  or  possibly  on  the  fan  drive-wheel  shaft;  if  pump  speed  is 
obtained,  the  engine  speed  may  be  computed  from  the  gear  ratio.  Notes  should 
be  made  of  any  faults  of  construction,  such  as:  Clutch  slipping,  absence  of 
locks  or  stops  for  control  levers,  inadequate  gasoline  or  lubricating  oil  supply, 
inaccessibility  of  parts,  magneto  and  sparking  circuit  not  waterproof,  etc.  The 
feed  of  lubricating  oil  is  especially  important  in  an  automobile  pump,  where 
many  parts  are  enclosed  or  not  quickly  accessible,  and  should  be  carefully 
looked  into  by  the  supervisor. 
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A.  L.  A.  M.  Formula  for  Hors^-Power  op  Gasolenb  Motors. 


,  Horse-Power  = 


Bore  X'  Bore  X  No.  of  Cylinders 
2.5 

Example.  ^-Six-cylinder  motor,  4j-inch  bore. 


Reasonable   Capacities  of   Modern   Fire  Engines. 


Bore  of  Pumps, 

Capacity, 

Inches. 

Stroke,  Inches. 

Gallons 

per  Minute. 

6 

9 

1,100 

SH 

8  or  9 

1,000 

S% 

8 

900 

SH 

8  or  9 

850 

5 

8 

750 

4Ji 

8 

700 

4H 

7  or  8 

600 

4H 

7  or  8 

550      . 

4 

7 

500 

Rated 

Nominal  Displacement 

Maker's 

per  Revolution, 

Rated 

Capacity, 

Size. 

Gallons. 

'  Gallons 

* 

per  Minute. 

Extra  First 

1. 261 

1,000 

First 

1. 141 

900 

Second 

0.952 

700 

Third 

0.804 

600 

Fourth 

0.675 

500 

Fifth 

0.513 

400 
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LOG  or    FIRE   ENGINC    TEST 


Cn^^ 


_  C  r»rfj|Kr*  No .  if., -Ma  ke . 


-  Date  /y^y-^if,. 


DrneM:jiOHS    fit^lmditn  .f'.'.". fa^p  SArt  ...l.i'M.^..^...... 3tnitj ttJ.'. -,  tv^tt rmfi.JJil 

_^P2 ll n     rijpc_ :. -^.  ■■    ■  Pi^"""***'^- ■    ■  ^ '^.'.' ..  -  t^i-jjit ^ .. . '^' ^. - gcmr_iicy  . 


.  ^  /  -i^ii,  /  j"ff ;  /  ^rtt_  «3P  ♦ 


3^^5ct^S''*^ 
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CALCULATIONS  FOR  ENGINE  TESTS. 

(rOR  TEST  ON  OPPOSITE  PAGE.) 


DISPLACEMENT  TEST. 

Aybraob  Dischjlbgb. 

To  obtain  Average  Nozzle  PresBure; 

Sum  Column  "  Min.*' 1,870 

Subtract  %  sum  of  first  and 
last  figures 86 

1,785 

Sum  Column  "U" 1,791 

"  "       "j|" 1,7« 

"  "       "M" 1*802 

Divide  by  80 )  7,173 

Average  Nozzle  Reading. .    89.7 
Correction  from   Oafse  Test 
Sheet +2.0 

Average  Nozzl<^  Pressure.    91.7 
From     Discharge    Tables    for    t%" 
Nozzle: 

02  lbs.  gives 751  gallons. 

90  *'       "     748       ** 

8  "       "      ..~       " 

1.71bs.  gives 6.8    " 

Then  91.7  lbs.  =  749.8  gallons. 

AVERAGS  R.  P.  M. 

Counterat8.59 4,868 

"         "8.89 7,870 

Divide  by  20 )  6,488 

Average  R.  P.  M.  =824.4 
Actual  Displacbmxnt. 
Average  Discharge  __  749.8  _ 
Average  R.  P.  M.    ~  824.4  "  '**" 

Nominal  Disflacbiunt. 
From  Engine  Displacement  Table: 

494"  Bore,  8"  Stroke ^-^^ 

lj|"PumpRod ,.    .065 

Nominal  Displacement  =  2«J70 
Sup,  in  Per  Cbnt. 
Nom.  Displacem^t  —  Act.  Displacem't 
Nominal  Displacement 
2.g?0- 2.811  _ 
2.870  • 


CAPACITY  TEST. 
Averaob  R.  p.  M. 
Same  as  for  Displacement  Teet  in 
this  case. 

Gallons  pbr  Minxttb. 
Same  as  for  Displacement  Test  in 
this  case. 

AVEBAGES  OF  PRESSURES. 

Steam: 

Sum  of  Column 2,787 

yi  of  first  and  last  figures 138 

Divide  by  20 )  2,654 

Average  Steam  Reading. .  182.7 
Water: 

Sum  of  Column 8,065 

H  of  first  and  last  figures-. . .      142. 5 

Divided  by  20 )  2,922.6 

Average  Reading.. 146.1 

Correction  from  Test  of 
Gage  and  Test  Sheet,  for 
Gage  No.  119 -1.0 

Average  Water  Pressure     146.1 
Suction : 

Sum  of  Column 746 

H  of  first  and  last  figures 85 

Divide  by  20 )'711 

Average  Reading 86.6 

Correction  from  Test  of  Gage  +  1.0 

Average  Suction  Pressure    86 . 6 
Net  Pressure: 
Average  water  pressure. ...       146 . 1 
Average  suction  pressure. .        86>6 

Average  net  pressure. .       106.5 
Percentage  of  Capacht  Obtained. 
Reasonable   capacity  of 
Pumps  based  on  400  Ft. 
Piston  Travel  per  Min.  =  700  gals. 

Obtained  at  Test 750  gals. 

or  107^  of  Rating. 
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BNQINB  DISPLACEMENT  TABUB. 


DOUBLE    PUMPS. 


Pldkoer  Disfiacehbnt. 

PxjMP  Rod  Oorrbcttok. 

Gallons  per  Revolution. 

Gallons  per  Revolution 

Bore 

Stroke  in  Inches. 

Diameter 

Stroke  in  Inches. 

of  Pump 

of 

iDQhes. 

7 

8 

9 

Pump  Rods. 

7            8 

9 

8  1/2 

1.166 

1.888 

1.500 

1  " 

0.047       0.054 

0.061 

8  6/8 

1.251 

1.480 

1.609 

1  1/16 

0.053       0.061 

0.069 

^    8  8/4 

1.839 

1.580 

1.721 

1  1/8 

0.060      0.069 

0.078 

8  7/8 

1.480 

1.634 

1.888 

1  8/16 

0.067      0.077 

0.087 

4 

1.528 

1.740 

1.958 

1  1/4 

0.074      0.085 

0.096 

4  1/8 

1.620 

1.851 

2.082 

1  6/16 

0.061       0.093 

0.106 

4  1/4 

1.719 

1.965 

2.211 

1  8/8 

0.089      0.102 

0.115 

4  8/8. 

1.822 

2.068 

2.848 

1  7/16 

C.098      0.112 

0.126 

4  1/2 

1.928 

2.206 

2.478 

1  1/2 

0.107      0.122 

0.188 

■  4  6/8 

2.066 

2.827 

2.618 

19/16 

0.116      0.183 

0.150 

4  8/4 

2.148 

2.455 

2.762 

1  6/8 

0.126      0.143 

0.168 

4  7/8 

2.268 

2.586 

2.909 

I  11/16 

0.136      0.155 

0.174 

6 

2.880 

2.720 

8.060 

13/4 

0.146      0.167 

0.188 

6  1/8 

2.500 
2.624 

2.858 
2.999 

8.215 
8.874 

6  1/4 

6  8/8 

2.750 

8.148 

3.586 

Subtract  pump  rod  correction  from 
plunger  displacement  to  obtain  oor 

6  1/2 

2.880 

8.291 

8.702 

rect  displacement  of  engine. 

6  6/8 

8.012 

8.442 

8.872 

For  single-pump  engines,  use  one- 

6  8/4 

8.147 

8.597 

4.047 

half  of  result  obtaiiied. 

6  7/8 

8.286 

8.755 

4.225 

For  single-acting  pumps. 

do  not 

6 

8.427 

8.917 

4.407 

subtract  pump  rod  correction 

Example :    Engine  with  5^-inch  pump,  9-inch  stroke  and  IV^-inch  pump 


tod. 


From.  Table  above : 


Displacement  of  Plunger  s  8.874  gallons. 
Correction  for  Rod  as  0.138  gallons. 


Nominal  Displacement  =  3.236  galloDS 
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Below  is  given  a  table  for  use  when  engines  are  worked  at 
draft,  either  in  actual  service  or  in  testing.  A  study  of  it  will 
show  that  where  a  high  lift  is  necessary,  small  suctions  will 
restrict  the  capacity  of  an  engine ;  the  table  indicates  clearly  what 
sizes  are  necessary  under  different  conditions.  The  figures  are 
based  on  the  ability  of  the  pumps  to  maintain  a  vacuum  of  23 
inches. 


TABLE  SHOWING  MAXIMUM  LIFT,  IN  FEET,  WHEN 
DRAFTING  VARIOUS  QUANTITIES  OF  WATER 
WITH  A  FIRE  ENGINE  IN  GOOD  CONDITION. 


Q^^^ 

Maximum  Lift  in  Fket,  Engine  DRArriNc. 

Gallons  per 
liinute. 

3"  Soetion. 

3}"  Suction, 

4"  Saction. 

4i"  Sacti«>. 

5"  Suction. 

300 

16 

1  ~ 

22J 

1  - 

24 

22J 
1  20J 

24i 

24 
23 

21 

i9i 

1 

400 

17 

7 

i 

500 

I 

i8i 

15 

II 

6i 

0 

1 

600 

I9i 

17 

Hi 

"4 
8 

700 

4i 
length 

800 

19 
17 
I4J 

12 
9} 

6i 

C* 

900 
1,000 

6 

of    sue 

*s 

1,100 
1,200 
1,300 

7J- 
4 

t  ion. 

CO 

1,300 

9i 
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FIRE  STREAM  TABLES 

These  tables  are  arranged  to  show  the  pressures  required  at  the  hydrant 
or  fire  engine,  while  stream  is  flowing,  to  maintain  nozzle  pressures  given 
in  the  first  columns,  through  various  lengths  of  2^-,  3-  and  3^-inch  rubber 
lined  hose  in  single  lines  and  two  lines  of  2^-inch  hose  siamesed. 

Nozzle  pressures  of  40  to  60  pounds  from  1%-  and  i%-inch  nozzles  will 
give  streams  which  may  be  classed  as  good  and  which  can  be  handled  without 
special  appliances;  for  deluge  sets,  turret  pipes,  etc.,  with  i%-inch  and  larger 
nozzles,  60  to  90  pounds  nozzle  pressure  is  desirable  for  effective  fire  fighting; 
the  height,  area  and  general  character  of  the  building  are  factors  in  deter- 
mining at  what  pressure  a  stream  may  be  considered  good,  as  well  as  in 
determining  whether  a  nozzle  is  of  sufficient  size  to  furnish  an  effective 
stream,  nothing  less  than  iH-inch  being  considered  as  effective  for  outside 
work,  except  for  fires  in  small  buildings.  In  this  connection  it  should  be 
noted  that  a  i-  or  i%-inch  ring  tip  delivers  a  stream  about  %  inch  smaller 
than  the  diameter  of  the  tip. 

The  pressure  at  the  hydrant  or  fire  engine  is  that  indicated  by  a  gage 
attached  to  the  hydrant  or  fire  engine  while  the  stream  is  flowing.  The 
pressure  at  the  nozzle  is  that  indicated  by  a  Pitot  gage  held  in  the  stream. 

The  hydrant  <or  engine)  pressures  are  obtained  by  adding  to  the  nozzle 
pressure  the  friction  loss  in  the  hose,  and  also  the  small  additional  loss  in 
the   hydrant  outlet   or  engin^  discharge. 

Friction  losses  in  hose  are  based  on  tests  of  best  quality  rubber-lined  fire 
hose  and  are  for  loo-foot  lengths  measured  without  pressure  applied.  Diam- 
eters of  hose,  as  measured  under  75  pounds  pressure,  assumed  as  the  average 
working  condition,  were  as  follows:  For  nominal  2%-inch,  2.575  or  about 
2  9/16  inches;  for  nominal  3-inch,  3.125  or  3%  inches;  for  nominal  3^-inch, 
3.685  or  about  3   11/16  inches. 

The  smoothness  of  the  lining  has  a  very  considerable  effect  on  the  friction 
loss,  some  samples  tested  showing  losses  50  per  cent  in  excess  of  those  given. 
A  slight  variation  in  diameter  also  produces  a  marked  difference  in  friction 
loss;  in  the  case  of  2^-inch  hose,  a  variation  of  1/16  inch  in  diameter  will 
result  in  10  per  cent  difference  In  loss.  If  properly  beveled  2^-inch  couplings 
are  used  on  3*inch  hose,  the  loss  of  pressure  due  to  them  will  be  less  than 
5  per  cent  of  that  gained  by  the  use  of  the  larger  hose.  For  instance,  for 
a  flow  of  300  gallons  per  minute,  the  loss  in  2%-inch  hose  will  bjc  about 
21  pounds,  in  3-inch  hose  with  3-inch  couplings  about  8  pounds,  and  in 
3-lnch  with  2^-inch  couplings  about  8^  pounds. 

For  siamesed  lines,  an  allowance  was  made  for  the  loss  in  the  Siamese 
connection  and  for  20   feet  of  3%-inch  lead  hose. 

The  pressures  given  are  for  the  nozzle  at  the  same  elevation  as  the 
hydrant  or  engine  discharge  outlet.  Add  or  subtract  i  pound  to  the  pre^ure 
given  for  each  2  1/3  feet  difference  in  elevation.  The  arrangement  of  the 
.  table  allows  a  comparison  to  be  readily  made  of  the  results  obtainable  with 
3-inch  hose  and  siamesed  lines  against  single  lines  of  2^-inch  hose. 

An  approximate  formula  for  the  friction  loss  in  2^-inch  hpse  is  as  follows: 

Pressure  loss  in  each  hundred  feet,  in  pounds  =2  0*  +  Q,  where  q  is  tne 
quantity  in  gallons  divided  by  xoo. 

The  approximate  figure  for  the  friction  loss  in  other  sizes  for  the  same  quan- 
tity flowing  can  be  obtained  by  dividing  the  friction  loss  in  2^-inch  hose  by 
the  following  factors,  shown  in  bold  face  type:         Digitized  by  GOOQ IC 
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2%" 

i.ee 

3" 
2.6 

3%" 
S.8 

4" 
11.0 

4%" 
19.5 

Siamese! 

>  Lines  of 

Equal 

Length 

8.6 

3-3%" 
7.75 

2.3" 
0.8S 

3-3" 
20.4 

1-3" 

1-2%" 

6.1 

4-2%" 
12.4 

6-2%" 
27.0 

4-3" 
82.0 

2.2%" 
1-3" 
11.5 

2-3" 
I-2%« 

16.0 

5" 
82.0 


RATING  OF  GASOLINE  MOTORS 

(Bore)*  X  Number  of  Cylindere 
=  H.  P. 


2i 

Bore,  Inches 

Horse  Power 

2Cyl. 

4Cyl. 

6Cyl. 

3  

7.2 
8.4 
9.8 
11.2 
12.8 
14.5 
16.2 
18.1 
20.0 
22.1 
24.2 
26.5 
28.8 
31.2 
33.8 
36.4 
39.2 
42.1 
45.0 
48.1 
51.2 

14.4 
16.9 
19.6 
22.5 
25.6 
29.9 
32.4 
36.1 
40.0 
44.1 
48.4 
52.9 
57.6 
62.5 
67.6 
72.9 
78.4 
84.1 
90.0 
96.1 
102.4 

21.6 

3i 

25.3 

3   

29.4 

3* 

33.7 

4 

38.4 

4J .• 

43.4 

4   

48.6 

4   

34.2 

5  

60.0 

51 

66.2 

5* 

72.6 

5   

79.4 

6   

85.4 

61 

93.7 

6   

101.4 

61 

109.3 

7   

117.6 

7J 

126.2 

7   

135.0 

7   

144.2 

8  

153.6 
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Fire  Prevention  and  Protection 


TABLE  OF  NOZZLE  FACTORS 

For  use  in  obtaining  discharge  from  smooth  nozzle  larger 
than  those  given  in  tables  on  pages  704  and  705,  when  nozzle 
pressure  is  obtained  with  a  Pitot  gage. 

The  discharge  in  gallons  per  minute  is  equal  to  the  square 
root  of  the  pressure  multiplied  by  the  factor. 


Factors. 

Diameter  of  the 

nozzle  in  inches. 

For  Fresh  Water.     For  Salt  (sea)  Water. 

2 
2 
2 

118.96                          117  45 
150.56                          148.64 
185.88                          183.50 

2;' 

3 

224  91                          222.05 
267.66                          264  25 

3i 
3i 

314.13                          310.13 
364.32                         359  68 

3i 

418  23                         412.90 
475  85                        469  79 

*f 

537.19                       .530.3s 
602.25                        594.58 
671.02                        662.48 

6 

743.51                        734.03 
1,070.64                     1,057  00 

For  any  size  nozzles,  the  discharge,  for  fresh  water,  can  be 
determined   by   the    following    formula: 
Gallons  per  minute  =  29.83  c  d*  Vp. 

Where  d  =  diameter  of  nozzle  in  inches,  measured  to  i/iooo 
of  an  inch. 

p  =  pressure  recorded  on  Pitot  gage  in  pounds. 

c  ==  a  constant,  varying  from  0.990  for  i-inch  nozzle  to  0.997 
for  6-inch  nozzle. 

For  ordinary  use,  the  formula  can  be  reduced  to: 
Gallons  per  minute  =  29.7  d'  Vp. 
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FORMULA    FOR    OBTAINING    APPROXIMATE     NOZZLE 

OR    ENGINE    PRESSURES,  LENGTH    OF    LINE 

AND  SIZE  OF  NOZZLE  BEING  GIVEN. 

XT      1    T>  •  J         Engine  Pressure 

Nozzle  Pressure  m  pounds  =  — .   ,^ 

^  I.I  +  K  L 

Engine  Pressure  in  pounds  =  Nozzle  Pressure  (i.i  +  K  L). 

L  =  Number  of  50-foot  lengths  of  hose. 

K  =  Constant,  varying  with  size  of  nozzle  and  hose.    See  Table 

following. 


K  FOR 

Sinj?le  ' 
Line 
2^   Hose. 

Single 

Line 

3"  Hose. 

Single 

Line 

3«"  Hose. 

Two 
sH"  I^ines 
Siamesed. 

Two 

3"  Lines 

Siamesed. 

« 

>  3  Lines 
2V6"  Hose. 

•105 

.038 



02s 





.167 

.062 

.... 

•043 

.... 

.... 

.248 

.092 

•039 

066 

.023 

.028 

•341 

.137 

.059 

.096 

.034 

.043 

•505 

.192 

.084 

•»35 

.051 

.061 

.680 

.266 

.113 

.184 

.068 

.084 

.907 

.351 

.152 

.242 

.093 

.115 

2 

1.550 

.605 

.250 

.418 

.157 

.190 

♦Allowance  is  made  for  loss  in  deluge  set;  these  values  will 
also  give  approximately  correct  figures  for  turret  nozzles  and  water 
tower,  except  that  in  the  latter,  pressure  equal  to  0.434  times  the 
height  of  tower  must  be  subtracted  from  the  engine  pressure,  before 
solving  for  nozzle  pressure. 

[Editor's  Note. — The  value  of  K  for  2 J/^ -inch  hose  and  any  size 
nozzle  can  be  found  by  squaring  the  diameter  of  the  nozzle,  squaring 
the  answer  and  dividing  by  10.  For  any  other  size  of  hose  or  any 
siamesed  lines,  K  can  be  found  by  dividing  the  K  for  25^-inch  hose 
by  the  Factor  for  the  other  hose  given  on  page  696.] 
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Fire  Prevention  and  Protection 


BPPECTIVB  REACH  OP  PIRB  STREAMS. 

Showing  the  Distance  in  Feet   from  the  Nozzle   at 

WHICH    streams    will    DO    EFFECTIVE    WORK    WITH    A 

Moderate  Wind  Blowing.    With  a  Strong  Wind 
THE  Reach  is  Greatly  Reduced.. 


£ 

SizB  OP  Nozzle. 

1 

x-Inch. 

i|-i 

nch 

i}-Inch. 

i|.Inch. 

il-Inch. 

1 

II 

11 

is 

t   (8 
38 

ll 

95 

"^1 

36 

1! 

40 

20 

35 

37 

36 

36 

39 

37 

42 

25 

43 

42 

44 

44 

45 

46 

45 

47 

46 

49 

80 

51 

47 

52 

50 

52 

.  52 

53 

54 

54 

56 

85 

58 

SI 

59 

54 

59 

58 

60 

59 

62 

62 

40 

64 

55 

65 

59 

65 

62 

66 

64 

69 

66 

45 

69 

58 

70 

63 

70 

66 

72 

68 

74 

71 

50 

73 

61 

75 

66 

75 

69 

77 

72 

79 

75 

55 

76 

64 

79 

69 

80 

72 

81 

75 

83 

78 

60 

79 

67 

83 

72 

84 

75 

85 

77 

87 

80 

65 

82 

70 

86 

75 

87 

78 

88 

79 

90 

82 

:o 

85 

72 

88 

77 

90 

80 

91 

82 

92 

84 

75 

87 

74 

90 

79 

92 

82 

93 

84 

94 

86 

80 

89 

76 

92 

81 

94 

.84 

95 

S6 

96 

88 

85 

91 

78 

94 

83 

96 

87 

97 

88 

98 

90 

90 

92 

80 

96 

85 

98 

89 

90  90 

100 

91 

Note.— Nozzle  pressures  are  as  indicated  by  Pitot  tube.  The  horitontal  and 
vertical  distances  are  based  on  experiments  by  Mr.  John  R.  CVeeman,  TVaikmcAmw, 
Am.  boc.  C.  £..  Vol.  XXI. 
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FRICTION  LOSS  IN  FIRE  HOSE. 

Based  on  Tests  of  Best  Quality  Rubber  Lined  Fire  Hose.* 


Pressure  Loss  in  Each 

100  Feet  of  Hose, 
Pounds  per  Sq.  Inch. 

Pressure  Loss  in 

Each  100  Feet  of 

Hose.  Pounds  per 

Sq.  Inch. 

1-^ 

2r 

Hose. 

Hose. 

Si- 
Hose. 

2  Lines  of 
Siamesed. 

Hose. 

3r 

Hose. 

2  Lines  of 

2r 

Siamesed. 

140 

S.2 

2.0 

0.9 

1.4 

52s 

23.2 

10.5 

16.6 

160 

6.6 

2.6 

1.2 

1.9 

550 

2$. 2 

II. 4 

18. 1 

lao 

8.3 

3-2 

1-5 

2-3 

575 

27.5 

12.4 

19.0 

200 

10. 1 

3.9 

1.8 

2.8 

600 

29.9 

134 

21.2 

220 

12.0 

4.2 

2.1 

3  3 

625 

32.0 

14.4 

23.0 

240 

14.1 

5.4 

2.5 

3.9 

650 

34.5 

15  5 

24.8 

260 

16.4 

6.3 

2.9 

4.5 

675 

37.0 

16.6 

26.5 

280 

18.7 

7.2 

3.3 

5.2 

700 

39.5 

17.7 

28.3 

300 

21.2 

8.2 

3.7 

5-9 

725 

42.3 

18.9 

30.2 

320 

23.8 

9  3 

4.2 

6.6 

750 

45.0 

20.1 

32.2 

540 

26.9 

10.5 

4-7 

7.4 

775 

47.8 

21.4 

.  34.2 

360 

30.0 

II. 5 

5.2 

8.3 

800 

50.5 

22.7 

36.2 

380 

33.0 

12.8 

5.8 

9.2 

825 

53.5 

24.0 

38.4 

400 

36.2 

14. 1 

6.3 

10. 1 

850 

56.5 

25.4 

40.7 

425 

40.8 

15-7 

7.0 

"3 

875 

59-7 

26.8 

43.1 

450 

45.2 

17. S 

7.9 

12.5 

900 

63.0 

28.2 

45.2 

475 

50.0 

19.3 

8.7 

13.8 

1,000 

76.5 

34.3 

55.0 

500 

55.0 

21.2 

9S 

15.2 

1,100 

91.5 

41.0 

65.5 

*Roit8:h  rubber  lifllng  is  liable  to  increase  tbe  losses  given  in  the  table  as 
much  as  .<«o  per  cent. 
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Fire  Prevention  and  Protection 


DISCHARGE  TABLE  FOR  SMOOTH  NOZZLES. 


NOZZLE  PRESSURE  MEASURED  BY  PITOT  GAOE. 


Nozzle 

Pressure 

in  lk>8.  per 

1    IH   m  1%       i^ 

Nozzle 
PreRRure 
in  lbs.  per 
bq.  inch. 

NOZZLB  DiAM.  IN 

1   m   IH 

INCBBS. 

l«   IH 

sq.  inch. 

Gallons  per  minute.  • 

GaUons  per  Minute: 

( 

66 

84 

108 

125 

149 

60 

229 

290 

857 

484 

517 

6 

72 

92 

113 

187 

163 

62 

238 

295 

863 

441 

625 

7 

78 

99 

122 

148 

176 

64 

287 

299 

369 

448 

683 

8 

64 

106 

181 

158 

188 

66 

240 

804 

875 

465 

642 

f 

89 

112 

189 

168 

200 

68 

244 

806 

881 

468 

660 

10 

93 

118 

146 

177 

211 

70 

247 

813 

886 

469 

568 

1« 

102 

130 

160 

194 

231 

72 

251 

818 

891 

475 

566 

14 

110 

140 

173 

210 

1:49 

74 

254 

828 

897 

482 

574 

16 

118 

150 

185 

224 

267 

76 

238 

826 

402 

488 

688 

18 

125 

159 

196 

287 

288 

78 

261 

830 

407 

494 

589 

80 

182 

167 

206 

250 

296 

80 

264 

835 

413 

500 

606 

ss 

189 

lib 

216 

268 

313 

82 

268 

839 

418 

607 

604 

S4 

145 

183 

226 

275 

827 

84 

271 

848 

423 

513 

611 

S6 

151 

191 

235 

286 

340 

86 

274 

847 

428 

519 

616 

28 

157 

196 

244 

297 

353 

88 

277 

351 

433 

625 

626 

80 

182 

206 

268 

807 

3G5 

90 

280 

855 

438 

681 

638 

82 

167 

212 

261 

817 

377 

92 

283 

859 

443 

637 

640 

84 

172 

218 

269 

327 

889 

94 

286 

868 

447 

548 

647 

86 

177 

224 

277 

336 

400 

96 

289 

867 

452 

649 

664 

88 

182 

231 

285 

845 

411 

98 

292 

870 

466 

654 

660 

40 

187 

237 

292 

854 

422 

100 

295 

874 

461 

660 

667 

42 

192 

248 

299 

863 

482 

105 

808 

383 

.478 

674 

68S 

44 

196 

248 

806 

872 

442 

110 

810 

892 

484 

688 

699 

.46 

200 

254 

813 

880 

452 

115 

817 

401 

496 

600 

715 

48 

205 

259 

820 

888 

462 

120 

824 

410 

606 

618 

730 

50 

209 

265 

826 

896 

472 

125 

831 

418 

616 

686 

745 

62 

218 

270 

833 

404 

481 

180 

837 

427 

526 

688 

?» 

64 

217 

275 

839 

412 

490 

185 

848 

485 

686 

660 

776 

66 

221 

280 

845 

419 

499 

140 

860 

448 

646 

668 

789 

68 

225 

285 

351 

426 

506 

145 

886 

450 

556 

674 

803 

60 

229 

290 

867 

434 

617 

150 

868 

458 

666 

686 

817 

Assumed  coefficient  of  discharge  =    .99      .99      .99  .99%   .99% 

Note. — Coefficients    of   discharge    are    based    on    experiments    by    Mr.    John'  R. 
Freeman,  Tranaactiona  Am.  Soc.  C*  B..  Vols.  XXI  and  XXIY^ 
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DISCHAROB  TABLE  FOR  SMOOTH  NOZZLES. 


NOZ/J.F!  PRESSURE  MEASURED  BY,PITOT  Q^QE. 

Nozzle 
Pressurs 

NOZZLB  DiAM.  IN 

1%      iH      1% 

Inches. 
2        2J4 

Nozzle 
PresRure 
in  Jbs.  per 
sq.  inch. 

NoZZLB  DiAM.   m 

m    iH    m 

INCBES, 

2         2^4 

in  lbs.  per 

sq.  inch. 

Gallons 

per  Minute. 

Gallons 

per  Minute. 

0 

175 

203 

■  s 
234 

263 

337 

60 

607 

704 

810 

920 

1167 

6 

193 

223 

256 

292 

369 

62 

617 

716 

823 

936 

1187 

7 

207 

241 

277 

815 

899 

64 

687 

727 

836 

951 

1200 

8 

222 

257 

296 

836 

427 

66 

636 

788 

850 

965 

1224 

9 

235 

273 

814 

867 

452 

68 

646 

750 

862 

980 

1242 

10 

848 

288 

830 

876 

477 

70 

656 

761 

876 

994 

1260 

18 

271 

315 

862 

412 

522 

78 

666 

771 

887 

1006 

1278 

14 

293 

840 

891 

446 

564 

74 

674 

782 

900 

1028 

1296 

16 

818 

364 

418 

475 

603 

76 

688 

792 

911 

1036 

1813 

18 

8S3 

886 

444 

504 

640 

78 

692 

803 

924 

1050 

1880 

SO 

860 

407 

468 

632 

674 

80 

TOO 

818 

935 

1068 

1347 

28 

867 

487 

490 

657 

707 

88 

709 

883 

946 

1076 

1364 

84 

884 

446 

512 

682 

789 

84 

718 

833 

959 

1089 

1380 

86 

400 

464 

538 

606 

769 

86 

726 

848 

970 

1102 

1896 

88 

415 

481 

654 

629 

799 

88 

735 

853 

981 

1115 

1412 

80 

429 

406 

578 

651 

826 

00 

748 

868 

992 

1128 

1429 

88 

443 

614 

591 

678 

864 

98 

751 

872 

1002 

1140 

1445 

84 

467 

680 

610 

698 

880 

04 

759 

881 

1012 

1152 

1460 

86 

470 

646 

627 

713 

905 

06 

767 

890 

1022 

1164 

1476 

88 

488 

561 

645 

788 

980 

98 

775 

900 

1082 

1176 

1491 

40 

496 

675 

661 

752 

954 

100 

788 

909 

1043 

1189 

1506 

48 

506 

589 

678 

770 

978 

105 

803 

962 

1070 

1218 

1542 

44 

520 

003 

694 

788 

1000 

110 

822 

054 

1095 

1247 

1573 

46 

681 

617 

710 

806 

1021 

116 

840 

975 

1120 

1275 

1615 

48 

648 

CSO 

725 

824 

1043 

120 

858 

996 

1144 

1303 

1649 

60 

554 

643 

740 

841 

1065 

126 

876 

1016 

1168 

1329 

1683 

68 

565 

656 

754 

857 

1087 

130 

898 

1086 

1191 

1856 

1717 

64 

676 

668 

769 

873 

1106 

186 

910 

1056 

1213 

1388 

1750 

66 

686 

680 

783 

889 

1129 

110 

927 

1076 

1235 

1407 

1780 

68 

69G 

692 

796 

905 

1149 

146 

044 

1005 

1257 

1432 

1812 

60 

607 

704 

810 

920 

1168 

150 

960 

1114 

1279 

1456 

1848 

Assumed  coefficient  of  discharge 


=    .995    .995    .996    .997    .997 
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Fire  Prevention* and  Protection 


I-INCH  SMOOTH  NOZZLE— 

S 

3.1 

P 

Pressure  Required  at  Hydrant  or 

MAINTAIN  Nozzle  Pressures  given 

Lengths  of  Best  Quality 

Nozzle  Pre 
Indicaiteci 
Pitot  Ga 

Single  2j-inch  Lines. 

100 
Feet. 

200 
Feet. 

300 
Feet. 

400 
Feet. 

Feet. 

600 
Feet. 

700 
Feet 

800 

Feet. 

20 

132 

25 

30 

35 

39 

44 

49 

53 

58 

25 

148 

31 

37 

43 

49 

55 

60 

66 

72 

80 

162 

38 

44 

51 

58 

65 

72 

78 

85 

85 

175 

44 

52 

59 

67 

75 

^3 

91 

98 

40 

187 

50 

59 

68 

77 

86 

94 

103 

112 

45 

198 

56 

66 

76 

86 

96 

106 

"5 

125 

50 

209 

62 

73 

84 

95 

106 

"7 

128 

139 

55 

219 

68 

80 

92 

104 

116 

128 

140 

152 

60 

229 

75 

88 

lOI 

114 

127 

140 

153 

166 

65 

238 

81 

95 

109 

123 

137 

151 

165 

179 

70 

247 

87 

102 

117 

132 

147 

162 

177 

.192 

75 

256 

93 

109 

125 

141 

157 

173 

189 

205 

80 

264 

99 

116 

133 

150 

167 

183 

200 

217 

85 

272 

los 

123 

141 

159' 

177 

195 

2X2 

230 

90 

280 

III 

130 

149 

167 

186 

205 

224 

243 

95 

287 

117 

137 

157 

177 

196 

216 

236 

256 

100 

295 

123 

144 

165 

185 

206 

227 

247 

268 
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a  la- 

AND 

3-lNCH    HOSE. 

Fire  Engine,  while  stream  is  flowing,  to 
IN    First    Column,   through    various 
2I-  AND  3-INCH  Rubber  Lined  Hose. 

ssure 
I  by 

Single  3-inch  Lines. 

Two  2i-inch 
Lines  Siamesed. 

1,000 
Feet. 

1,200 
Feet. 

800 
Feet 

1,000 
Feet. 

1,200 
Feet. 

1,500 
Feet. 

1,000 
Feet. 

1,500 
Feet. 

2.000 
Feet. 

o»S"" 

68 

n 

35 

39 

42 

48 

33 

'40 

46 

20 

84 

95 

43 

48 

52 

59 

41 

49 

:  .57 

26 

99 

112 

S2 

57 

62 

70 

49 

59 

68 

80 

114 

13D 

60 

■ 

66 

72 

81 

57 

68 

79 

35 

130 

148 

68 

75 

82 

92 

65 

78 

90 

40 

145 

165 

n 

84 

92 

103 

72 

86 

99 

45 

160 

182 

85 

93 

102 

114 

80 

95 

no 

50 

175 

199 

93 

102 

112 

125 

88 

105 

121 

55 

192 

218^ 

102 

11? 

122 

137 

96 

114 

132 

eo 

207 

235 

no 

121 

•131 

148 

103 

,122 

141 

,      65 

222 

252 

118 

130 

141 

159 

III 

132 

152 

70 

237 

269 

127 

139 

151 

170 

120 

142 

164. 

75 

251 

285 

135 

148 

161 

181 

128 

151 

175 

80 

266 

302 

143 

156 

170 

191 

135 

159 

184 

85 

280 

... 

151 

165 

180 

202 

143 

169 

195 

90 

295 

158 

173 

189 

211 

150 

177 

204 

95 

310 

167 

•183 

199 

223 

157 

18^ 

215 

100 
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Fire  Prevention  and  Protection 


I  1/8-INCH  SMOOTH  NOZZLE.- 


Pressures  Required  at  Hydrant  or  Fire 

Nozzle  Pressures  given  in  First 

Quality  24-  and 


(A 

1 
II 

■Xi  ^ 
.^^ 

Nozzle  Pr 

Indicated  b 

Gage 

20 

167 

25 

187 

30 

205 

35 

221 

40 

^y? 

45 

251  J 

50 

265 

55 

277    i 

60 

290 

65 

'301 

70 

313 

75 

324 

80 

335 

85 

'345 

90 

355 

95 

365 

100 

374 

Single  2j-inch  Lines. 


8(U 


28 

35 
42 

49 
55 
62 

69 

76 

83 

89 

96 

103 

no 

116 

123 

130 

136 


8<u 


35 
44 
52 
61 
69 

77 
86 

94 
103 
III 
119 

128 
136 
144 
152 
160 
i|58 


8<u 


42 

53 
63 

73 

83 

93 

103 

112 

123 
132 
142 
152 
162 
171 
181 
191 
201 


8<u 


49 
62 

73 
85 
96 
108 
120 
131 
143 
154 
165 
177 
188 
199 
2x0 
222 
233 


8  4J 


Q  «> 
O  <U 


56   64 


71 
84 

97 
no 

123 
137 
149 
163 

175 
188 
202 

215 

226 
240 
252 
265 


79 
95 
no 
124 
139 
154 
168 

183 
197 

2X1 
227 
241 
254 
269 
283 
297 


O  <U 


■  71 

88 
X05 

X22 

138 

154 
171 
x86 
203 

2X8 

234 

252 
267 
282 
298 
314 
329 


8 


7^ 

97 

xx6 

134 
151 
169 
x88 
204 
223 
240 

257 
276 

294 
309 
327 


^U^ 


92 

115 
137 
158 

^79 
200 
222 
24X 
263 
283 
303 
325 


o  % 


107 

133 
158 
183 
206 
230 
256 
278 
304 
326 
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a  I 

/2'    . 

AND 

3-INCH 

HOSE. 

Engine,  while  stream  is  flowing,  to  maintain 
Column,  TrtRouGH  various  Lengths  of  Bes(t 
3-INCH  Rubber  Linpd  Hose. 

It 

Single  3-inch  Lines. 

Two  2j-inqh  Lines 
Siamesed. 

S.2 

II 

l| 

8^ 

8^ 

ii 

8^5 

8^ 

Is' 

•5-s 

32 

37 

43 

48 

54 

62 

71 

38 

42 

46 

53 

60 

20 

40 

46 

53 

60 

67 

77 

87 

45 

50 

i 

55 

63 

70 

25 

47- 

55 

63 

71 

79 

91 

103 

53 

59 

,^? 

74 

82 

30 

55 

65 

74 

83 

93 

107 

121 

62 

69 

76 

86 

'  96 

35 

63 

73 

84, 

95 

105 

J2I 

137 

70 

78 

.86 

.97 

108 

40 

70 

82 

94 

106 

118 

'35 

153 

79 

87 

95 

108 

121 

45 

78 

91 

104 

117 

130 

150 

169 

88 

98 

.of 

121 

'35 

50 

86 

100 

114 

128 

142 

164 

185 

96 

107 

117 

132 

147 

55 

93 

109 

124 

139 

155 

178 

201 

}oS 

116 

127 

143 

160 

.60 

lOl 

iir 

134 

?5i 

167 

192 

217 

114 

126 

138 

156 

174 

65 

108 

126 

144 

162 

180 

206 

233 

122 

135 

148 

167 

1^6 

70 

116 

135 

15^ 

173 

192 

221 

249 

130 

144 

15^ 

178 

198 

75 

124 

144 

165 

185 

206 

236 

267 

133 

153 

167 

189 

210 

80 

131 

153 

174 

19^ 

217 

249 

281 

.147 

163 

.P8 

201 

224 

.85 

139 

161 

184 

207 

229 

263 

297 

15^ 

172 

18^ 

212 

237 

90 

146 

170 

194 

218 

242 

277 

313 

164 

181 

198 

224 

249 

95 

»54 

178 

203 

228 

253 

290 

172 

190 

208 

235 

261 

100 
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Fire  Prevention  and  Protection 


I  1/4-INCH  SMOOTH  NOZZLE.- 


9  >^«^ 

35 


20 
25 
30 
35 
40 
45 
60 
65 
60 
65 
7Q 
75 
80 
85 
90 
95 
100 


G 
O 

It 


2o6 
?3o 
253 
273 
292 
309 
326 
342 
357 
372 
386 
399 
413 
425 
438 

449 
461 


Pressures  Required  at  Hydrant  or  Fire 
Pressures  given  in  First  Column, 

2j-  and  3-INCH 


Single  2i-inch  Lines. 


8« 


32 
40 
43 

55 
63 
70 

78 
86 

93 

lOI 

108 
116 
124 
131 
139 
146 
>53 


8^ 


42 

53 
63 

73 

83 

93 

103 

113 
123 

133 
142 
152 
163 
172 
182 
191 
201 


o  t3 
♦'Hi- 


53 
66 

79 
91 
104 
116 
128 
140 
152 
164 
176 
188 
201 
213 
225 
236 
248 


O  <y 


64 

79 
9S 
109 
124 
138 
153 
i67 
182 
196 
210 
224 
240 

254 
269 
282 
295 


8? 


75 
92 
110 
127 
144 
161 
178 
194 
211 
228 
244 
261 

279 
29s 

312 
327 


II 


8s 

lOJ 

126 

H5 
i6s 

'83 

203 

222 
241 
260 
278 

297 
318 


^i: 


96 
118 
142 

163 
185 
206 
228 

249 
270 
292 
312 
333 


107 

13^ 
157 
181 
206 
229 
253 
276 
300 
323 


O    0) 


128 

158 

189 
217 
246 
274 
303 
330 


O  0) 

149 
184 
220 

253 
287 

319 
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2  1/9*  AND  a-INfitfHOSB. 


Engine,  while  stream  is  flowing*  to  maintain  Nozzle 

THROUGH  VABIOUS  LENGTHS  OF  BEST  QUALITY 

Rubber  Lined  Hose. 

2  0 

Single  3-inch  Lines. 

Two  2i-inch  Lines 
Siamesed. 

iJxi 

II 

II 

1^ 

u 

II 

If 

95 

39 

45 

k 

51 

II 

M 

it 

m(X4 

37 

46 

54 

62 

70 

83 

'  57 

67 

76 

20 

47 

57 

67 

77 

87 

102 

117 

48 

55 

62 

70 

80 

91 

25 

56 

68 

81 

93 

105 

123 

142 

57 

66 

74 

83 

96 

109 

80 

65 

79 

92 

106 

120 

iW 

161 

66 

76 

86 

95 

no 

125 

85 

74 

89 

105 

120 

136 

m 

L83 

75 

&7 

99 

no 

127 

144 

40 

83 

kop 

117 

135 

152 

178 

204 

84 

96 

109 

121 

140 

158 

45 

9" 

III 

150 

149 

168 

197 

226 

93 

107 

121 

135 

155 

1.76 

50 

lOQ 

121 

142 

•63 

184 

216 

247 

102 

117 

132 

147 

169 

192 

55 

10^ 

132 

'55 

178 

201 

^35 

270 

III 

128 

144 

160 

185 

aip 

60 

II« 

143 

167 

192 

217 

254 

291 

120 

137 

155 

173 

199 

22$ 

$5 

127 

154 

180 

206 

233 

272 

129 

147 

166 

185 

213 

241 

70 

136 

164 

192 

220 

:i48 

290 

137 

157 

177 

197 

227 

257 

75 

145 
153 

!6-> 

'75 

184 

195 
205 

205 
?i6 

235 
247 
?6i 

26s 
279 
295 

147 
156 
165 
173 

169 
179 
189 
198 

190 
201 

212 

244 
258 

273 
286 

276 
292 
309 
323 

80 

224 

237 
248 

85 

'?78 

213 

223 

90 

170 

240 

275 

.... 

95 

179 

21s 

252 

288 

182 

208 

235 

261 

300 

100 

1 
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I  3/8-INCH  SM06TH  NOZtLB^ 


t 

c 
o 

=3  2 

5 

20 

250 

^6 

'  280 

80 

,  307 

85 

'.  331 

40 

,  354 

45 

;  376 

50 

■  396 

55 

;  415 

: 

60 

! 

:  434 

05 

1  451 

70 

;469 

>^ 

I  485 

80 

1  500 

85 

;  5.6 

90 

i  53« 

05 

;  546 

100 

560  • 

Pressures  Required  at  Hydrant  or  Fire 
Nozzle  Pressures  given  in  First 

quality  2 J-   AND 


Single  2j-inch  Lines. 


8 


37 
46 

55 
64 

73 
81 
90 

99 
107 
116 
125 

134 
142 
151 
159 
168 

177 


8s 


52 
64 

,77 
89 

102 
114 
125 
137 
149 
161 

173 
185 
196 
209 
220 
232 
244 


8« 


68 
83 
99 
115 
13' 
146 
161 
176 
191 
206 
222 

237 
251 
267 
281 
297 
312' 


8? 


83 

lOj 
121 


140  166 


160 
178 
196 
215 
233 
251 
270 
289 
305 
325 


81 


98 

lii 

144 


i«9 
211 
222 

254 
276 
297 
3»t9 


^1 


113 
139 
166 
ilgi 
218 
243 
257 
292 

318 


8^ 


128 
158 
188 
217 
247 
275 
293 
331 


8s 


144 
177 
210 
242 
276 
307 

32'8 


85 


34 
41 
50 
58 
67 

74 
82 
90 

98 
106 
114 
122 
130 

^38 
146 

»53 
162 


2.  *> 


45 
'S6 
67 
78 
89 
99 
109 
121 

131 
141 
152 
162 
172 
183 
194 
203 
215 
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s  i/a*  AND  a-INCH  HOS& 


Engine,  while  stream  is  flowing,  to  maintain 
Column*  through  various  Lengths  of  Best 
3-inch  Rubber  Lined  Hose. 


Single  3-inch  Lines. 


I 


57 
70 
84 

97 
112 
125 
137 
151 
163 

177 
189 
203 
215 
229 
241 

254 
267 


68 

85 
101 

117 
134 
150 
^64 
182 
196 
212 
227 

243 
257 

274 
289 
304 


8S 


80 

99 
118 

137 
157 
175 
192 

212 

229 
247 
265 
283 
300 


92 

"3 
135 
157 
180 
200 
220 
242 
262 
282 
303 


§.8 


109 

135 
161 
187 
214 
238 
267 
288 


Two  2i-inch  Lines  Siamesed. 


Q  Z 


II 


37 

46 

56 

65 

74 

83 

92 

icx> 

109 

118 

128 

137 

U5 

153 

162 

170 

179 


46 

57 
68 
80 
90 

lOI 

III 

122 
133 
143 
155 
165 

175 
186 
196 
206 
217 


54 
67 
81 

94 
106 
119 

131 

144 

156 
168 
182 
194 
206 
218 
230 
241 
254 


o  V 


63 
78 

93 
108 
122 
137 
151 
165 
180 
194 
209 
223 
236 
250 
264 
277 
291 


8^- 


71 

88 
106 
122 
138 
155 
171 
187 
203 
219 

236 
252 
266 
282 
298. 
313 
329 


1-7(14 


84 
104 
124 

143 
162 
182 
201 
219 
238 
257 

277 
295 
312 
331 


S55 


96 

119 

143 
165 

186 

209 
230 
252 

273 
294 
317 


D   O 

a? 


20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
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I 

i/a- 

INCH  SMOOTH  N< 

>2Z1 

JR.- 

i 

!i 

as 

333 
36s 
394 
422 

447 
472 

494 
5^7 
537 
5SS 
S7H 
596 
614 

650 
667 

Pressures    Rkqutretj    at    Hydrant  or    Fire 

Nozzle  Pressures    givkn   in  First 

Quality  2J-    and 

u 

Single  2 1 -inch  Lines. 

Single 

11 

8^ 

44 

54 

65 

7S 

8S 

96 

106 

ii6 

126 

136 

146 
156 
166 
176 
i37 
T97 
207 

65 
80 

95 
no 
tz6 
141 

155 
170 
1 84 
J  98 

^U 

:228 
242 
257 

272 
Z.S6 
300 

86 
106 

126 
14s 

166 
1S5 
205 
224 
242 
261 
281 
399 
318 
337 

II 

*** 

^1 

n 

n 

Ml 

II 

II 

20 

30 

40 
45 
£0 
&^ 
€0 

107 

,8. 
206 
23a 

^54 
278 
301 
324 

128 

158 

188 
216 

^75 
3^ 
332 

149 
184 
219 

2ST 
286 
320 

170 
210 
250 
2B7 

3^? 

!  19' 
236 
2S0 
332 

39' 
48 

58 
67 
76 

'    8s 

9S 

104 

"3 

122 

>3« 
140 

149 
.58 
167 
176 
i8s 

55' 

68 
81 

94 
J07 
J  20 
133 
US 
158 

170 
183 
196 

20S 
22a 

233 
24s 

2S7 

71 

8S 
'  105 

123 
139 

1 55 
171 

187 
203 

7tS 

251 

267 

«5 
70 

75 

80 

85 

00 

29a 
314 

9ri 

100 

Digitized  byVjOOQlC 


Fire  Stream  Tables 


7H 


3  i/».  AND  d«INCH  HOSE. 


Engine,  while  stream  is  flowing,  to  maintain 
Column,  through  various  Lengths  of  Best 
3-inch  Rubber  Lined  Hose. 

►5  ^ 

3-inch  Lines. 

Two  2i-inch  Lines  Siamesed. 

3   0 

u 

8^ 

33 
41 
49 

.  57 

65 

73 

81 

88 

96 

104 

112 

120 

127 

135 

143 

152 

160 

II 

II 

II 

II 

it 

IS 

37 
io8 
129 

149 
170 
189 
209 

228 

104 

128 

153 
177 
201 
224 

247 
270 
293 

120 
148 
177 
204 
232 
258 
286 

144 
178 
212 

245 
279 

45 

56 
66 

77 
88 

97 
108 
1x8 
128 

139 
149 
160 
170 

179 
190 
201 

212 

56 
70 

83 
96 
no 
122 
136 
148 
161 

174 
186 
199 
212 

224 
237 
251 
264 

68 
'84 
100 
1x6 
132 
146 
163 
178 

193 
208 
223 
239 

254 
268 
284 
301 
316 

79 

99 

1x7 

135 
155 
171 
190 
20a 
225 

243 
261 

279 
296 

313 

91 
"3 
134 
155 
177 
196 

2X8 

237 

257 
278 

298 
319 

108 
135 

x6o 
184 
2x1 

233 
259 
282 
305 

126 

156 
185 

214 
244 

269 

300 
327 

20 

25 
80 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
S5 
90 
95 
100 

748 

267 

287 



307 

.... 
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Fire  Prevention  and  Protection 


I  5/8-INCH  SMOOTH  NOZZLE^ 


s 

Pressures  Required  at  Hydrant  or  Firk 

Nozzle  Pressures  given  in  First 

Quality  2J-  and 

Single  2i-inch  Lines. 

Single  3-inch 

II 

si 

88 

II 

il 

88* 

II 

81 

il 

II 

a 

20 
25 
80 
» 
40 
45 

350 

392 
429 

463 
496 

525 
554 
581 
607 
631 
655 
67S 
700 
722 
743 

52 
65 
77 
89 

lOI 

113 

125 
137 

149 
162 

173 
184 
197 
209 

220 

80 
100 
118 
136 
155 
173 
192 
210 
228 
246 
263 
281 

299 
317 

108 

135 
160 
184 
208 

233 
258 
282 
306 

330 

136 
170 
201 
231 
262 

293 
324 

165 
205 
242 
279 
316 

193 
240 
284 
326 

46 

57 
68 

78 
89 
100 
III 
121 
132 
143 
153 
163 
174 
184 

195 
205 
216 

68 

84 

100 

"5 
131 
146 
162 

178 

193 
209 
223 
237 
253 
269 
284 
299 

314 

90 
III 

132 
152 
173 
193 
214 

234 
254 

275 
294 
312 

112 
138 
164 

i«9 
215 
239 
36$ 
290 

50 

55 

00 

65 

70 

75 

§0 

^  ^ 

SH 

^^^ 

1 

T 
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Ji/j-  AND  3 

•INCH   HOSGi 

r 

Engine,  while  stream  is  flowing,  to  maintain 

COLUMil,  THROUGH  VARIOUS  LENGTHS  OF  BEST 

5-iNCH  Rubber  Lined  Hose. 

Nozzle  Pressure 

Indicated 
by  Pitot  Gage. 

Linesi 

Two  2|-inch  Lines  Siamesed. 

II 

u 

§1 

ii 

II 

u 

§1 

8ti 

M 

*34 

156 

37 

53 

68 

84 

100 

"5 

139 

162 

20 

165 

192 

47 

66 

?5 

104 

123 

143 

171 

200 

U 

196 

228 

56 

79 

102 

125 

148 

171 

205 

.240 

SQ 

226 

263 

65 

91 

117 

,44 

170 

197 

236 

276 

35 

257 

399 

74 

104 

134 

164 

194 

224 

269 

314 

40 

286 

82 

116 

149 

182 

215 

248 

298 

.... 

45 



91 

128 

165 

202 

239 

275. 

33L 

.... 

W 

^.... 

lOp 

140 

181 

221 

261 

301 

.... 



55 



109 

153 

196 

240 

283 

327 

.... 

60 

, . . . 

118 

164 

211 

258 

305 



65 

126 

135 
144 
153 
162 

176 
189 
201 

213 

225 

226 
242 
258 
273 
289 

276 
295 
314 

326 

.... 

.... 

70 
75 
SO 

85 

.... 



. . . . 

00 



170 

237 

303 

.... 

.... 

.... 

.... 

05 

179 

249 

319 

.... 

.... 

.... 

100 
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Fire  Prevention  and  Protection 


1 

3/4-iNGM  SMOOTH  MOiZZLE,- 

CA 

§ 

it 

Pressures  Required  at  Hydrant  or  Fire 

Nozzle  Pressures  given  in  First 

Quality  2J-  and 

11 

Single  2|-in.  Lilies. 

Single  3-inch 

91 
106 

«I20 

150 
164 

191 
206 
220 
234 

261 
274 

100 

123 

145 

169 

215 

237 
259 
280 
302 

325 

138 
169 

199 
231 
262 
294 

3i5 

175 
215 

253 
294 
333 

40 
49 
58 

68 
77 
87 
96 
105 

114 
123 
133 
143 
152 
160 
169 
178 
188 

§1 

u 

ii 

u 

^1 

20 
sa 

86 
4ID 
45 
6« 
55 

407 

4SS 
498 

538 
57$ 
609 
643 
674 
704 

73» 
761 
787 

813 
838 
862 
885 
909 

55 
67 

79 
92 
104 
118 
130 
142 

154 
166 
180 
192 
204 

21$ 

228 
246 
253 

71 
B4 
100 
117 
13^ 
149 
164 

179 
194 

209 
227 
242 

257 
270 
286 
301 
317 

86 
102 
121 
141 

159 
180 
199 
216 

234 
-252 

273 
291 
309 

lOI 

120 
142 
166 
187 
211 

233 
254 
274 
296 

If6 

138 

163 
190 
215 
241 
267 
291 
314 

00 

65 

70 

... 

75 

80 

... 

85 

90 

95 

100 
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a  1/3^  AND  3^INCtl  HOSB. 


Engine,  while  stream  is  flowing,  to  maintain 
Column,  through  various  Lengths  o**  Best 
3-INCH  Rubber  Lined  Hose. 

is- 

Lines. 

Two  2j-inch  Lines  Siamesed. 

1- 

II 

It 

81' 

33 
40 

49 
56 
64 

73 

80 

88 

96 

104 

III 

118 

127 

135 

•  142 

150 

158 

It 

43 
53 
64 

'74 
84 

95 
104 
114 
125 

134 
144 

»53 
164 
174 
183 
194 

204 

a 

il 

§.1 

11 

105 

128 

155 

178 

201 

227 

249 
272 

296 
318 

II 

125 
154 

185 

213 
241 
271 
297 
324 

y 

146 
179 
215 
248 
280 
315 

^1 
1.^ 

147 
173 
205 

239 

270 

303 

177 
209 
247 
288 

325 

53 

65 

79 

-  91 

103 

117 

128 

140 

153 
165 

^77 
188 
201 
214 
225 

237 
250 

64 
78 

94 
109 
123 

139 
152 
16? 
182 

195 
210 
223 
239 
253 
266 
281 
296 

74 

91 

no 

126 

143 
161 

177 
193 
210 
226 

243 
258 
276 

293 
308 

84 
103 
125 

143 
162 

183 
201 
219 

239 
257 

275 
293 
313 

20 

25 
80 
86 
40 
46 
60 
65 
60 

66 

70 

■ 

76 

80 

86 

^ 

90 

06 

100 
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Fire  Prevention  and  Protection 


3 

-INCH  5M00TH,N0ZZLe.- 

II 

i 

S 

Pressures  Required  at  Hydrant  or  Fire 

Nozzle  Pressures  given  in  First 

Quality  2J-  and 

Single  2i- 
inch  Lines. 

Single  3-inch  Lines. 

1^ 

100 
Feet. 

200 
Feet. 

300 
Feet. 

100 
Feet. 

200 
Feet. 

300 
Feet. 

400 
Feet. 

500 
Feet. 

20 
25 
80 
86 
40 
45 
50 

532 
594 
:    651 
703 
752 
797 
841 
881 
920 
958 

994 
1,029 

r  063 

i>o9S 
1,128 
1. 158 
1,189 

90 
III 

132 
152 

173 
193 
214 

152 
187 
222 

255 
290 

323 

214 

263 

,312 

52 
65 
71 
89 
102 

i»3 
126 

138 

150 
162 

175 
187 
199 
211 
223 

235 
247 

76 

94 
112 
129 
147 

163 
182 
199 
216 

233 
251 
268 
285 
302 
319 
335 

100 
123 
147 
169 
193 
213 
237 
260 
282 
304 
327 

124 
152 
181 
209 
238 
263 
293 
321 

148 
182 
216 
249 
283 
314 

55 

60 



65 



70 

75 

^ 

80 



85 

90 

95 



100 

Digitized  by  VjOOQ IC 


Fire  Stream  Tables 


717 


ai/» 

-  AND  3-INCH  HOSE. 

Engine,  while  stream  is  flowing,  to  maintain 
Column,,  through  various  Lengths  of  Best 
3-inch  Rubber  Lined  Hose. 

.JL    . 

Two  2i-inch  Lines  Siamesed.- 

600 
Feet. 

800 
Feet. 

100 
Feet. 

200 
Feet. 

300 
Feet. 

400 
Feet. 

500 
Feet. 

600 
Feet. 

127 

156 

185 

214 

243 
270 
300 

800 
Feet. 

1,000 
Feet. 

:z;S 

172 
211 
251 
289 

220 
270 
321 

41 
51 

61 

71 
81 
90 
100 
no 
119 
129 

139 
148 
158 
167 

177 
186 
196 

58 

72 

86 

100 

"3 
126 
140 

153 
166 
180 

193 
206 
219 
232 
245 
258 
272 

75 
93 
no 
128 
146, 
162 
180 

197 
213 
230 
248 
264 
280 
297 
314 

92 
114 

135 
157 
178 
198 
220 
240 
260 
281 
302 
322 

no 

135 
160 
186 
211 

234 
260 
284 
308 

161 
198 

234 
271 
308 

195 
240 

284 

329 

20 

25 
30 
35 
40 

45 

50 

55 

00 

05 

70 

75 

80 

85 

90 

95 

100 

' 
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'  1  1/4-INCH 

SMOOTH 

NO 

ZZL 

B.'^^i/SM'WCn  tlOSE. 

=§& 

g 

Pressures    Required    at    Hy- 
drant or   Fire  Engine,   while 

41 

5^ 

H 

stream  is    flowing,    to    main- 
tain Nozzle  Pressures  given  in 
First  Column,  through  various 
Lengths  of   Best    Quality    3J- 
INCH  Rubber  Lined  Hose. 

1^ 

II 

88 
34 

36 

II 

37 

Is 

39 

U 

43 

49 

it 
55 

20 

2o6 

32 

20 

25 

230 

39 

42 

44 

46 

48 

53 

60 

67 

25 

ao 

253 

47 

49 

52 

55 

S8 

63 

71 

79 

80 

85 

273 

54 

57 

60 

64 

67 

73 

82 

91 

86 

40 

'292 

62 

65 

69 

72 

76 

83 

93 

104 

40 

45 

309 

69 

73 

77 

81 

85 

93 

104 

116 

46 

50 

326 

77 

81 

85 

90 

94 

102 

115 

128 

60 

55 

342 

84 

89 

94 

99 

103 

112 

126 

141 

66 

60 

357 

92 

97 

102 

107 

112 

122 

137 

153 

60 

65 

372 

99 

105 

no 

116 

121 

132 

149 

165 

06 

70 

386 

107 

113 

118 

124 

130 

142 

160 

177 

70 

75 

399 

114 

120 

127 

133 

139 

152 

171 

190 

76 

80 

413 

122 

128 

135 

142 

«48 

162 

182 

:202 

80 

85 

425 

128 

135 

142 

149 

156 

170 

191 

212 

'   86 

90 

438 

136 

143 

^5' 

158 

i6s 

180 

202 

225 

90 

95 

449 

1431 

151 

159 

167 

175 

190 

214 

237 

96 

liOO 

461 

151 

159 

167 

175 

184 

200 

22s 

249 

100 
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I. 

t«.INCH  SMOOTH  NOZZLE.— 

3  i/i-lNCH  HOSE. 

^1 

§ 

ft 

Pressures  Required  at  Hydrant  or 
Fire  Engine,  while  stream  is  flow- 
ing, TO  maintain  Nozzle  Pressures 
given  in  First  Column,     through 
VARIOUS   Lengths  of  Best  Quality 
3J-1NCH  Rubber  Lined  Hose. 

II 

JSts 

a1 

II 

M 

l| 

1^ 

^U4 

II 

^■1 

60 

it 

67 

si 

|8 

20 

250 

31 

34 

36 

39 

41 

47 

52 

20 

25 

286 

39 

42 

45 

49 

52 

59 

65 

75 

85 

26 

SO 

307 

46 

50 

54 

S8 

62 

70 

78 

89 

lOI 

80 

S5 

331 

S4 

58 

63 

^ 

72 

81 

90 

103 

117 

86 

40 

354 

61 

66 

71 

76 

81 

91 

lOI 

116 

I3« 

40 

46 

376 

69 

74 

80 

85 

91 

102 

"3 

130 

147 

46 

S4 

396 

76 

82 

88 

9S 

lOI 

"3 

126 

144 

163 

60 

S6 

415 

84 

90 

97 

104 

III 

124 

138 

158 

179 

66 

<0 

434 

91 

98 

106 

"3 

121 

135 

150 

172 

195 

<0 

6fi 

451 

98 

106 

114 

122 

130 

146 

161 

.85 

209 

06 

70 

469 

106 

114 

123 

131 

140 

157 

174 

199 

225 

70 

76 

485 

113 

122 

131 

140 

149 

167 

185 

212 

239 

76 

80 

500 

120 

130 

140 

149 

159 

178 

197 

226 

255 

80 

85 

516 

127 

138 

148 

158 

168 

188 

208 

239 

269 

86 

90 

531 

135 

146 

156 

167 

178 

199 

221 

253 

285 

90 

96 

546 

142 

I  S3 

.65 

176 

187 

209 

232 

266 

299 

96 

100 

560 

150 

.161 

173 

185 

197 

220 

244 

279 

315 

100 
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I  i/a-INCH  SMOOTH  NOZZLB.— 3  i/a-INCH  HOSE. 


32 

(0 

Ji 

Pressures  Required   at   Hy- 
drant OR  Fire  Engine,  while 

STREAM     IS     FLOWING,     TO     MAIN- 
TAIN Nozzle  Pressures  given  in 
First  Column,  through  various 
Lengths  of  Best  Quality  31- 
inch  Rubber  Lined  Hose. 

=0  05 
c  no 

•—1    (0 

O    <v 

II 

II 

II 

-fa 

8« 

II 

20 

298 

28 

36 

43 

50 

58 

65 

76 

S7 

20 

25 

333 

35 

44 

53 

62 

71 

80 

93 

107 

25 

80 

365 

42 

53 

63 

74 

85 

96 

112 

128 

80 

35 

394 

49 

61 

73 

86 

98 

III 

129 

148 

85 

40 

422 

55 

69 

83 

97 

III 

125 

146 

167 

40 

45 

447 

62 

78 

93 

109 

125 

140 

164 

187 

45 

50 

472 

69 

86 

103 

121 

138 

155 

181 

207 

50 

55 

494 

76 

94 

113 

132 

151 

170 

198 

226 

55 

60 

517 

82 

102 

123 

143 

163 

183 

214 

244 

60 

65 

537 

89 

III 

133 

154 

176 

198 

231 

263 

65 

70 

558 

96 

119 

143 

166 

189 

213 

248 

283 

70 

75 

578. 

103 

128 

153 

178 

203 

228 

265 

303 

75 

80 

596 

109 

136 

162 

188 

215 

241 

281 

80 

85 

614 

116 

144 

172 

200 

228 

256 

298 

85 

90 

633 
650 

667 

123 
129 
136 

152 

t6o 

t87 

211 

241 

253 
265 

271 
284 
298 

'     90 

95 

191 

201 

222 

95 

100 

168 

233 

100 
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I  s/^iNCH  SMOOTH  NOZZLE.— 3 

i/a- 

INCH  HOSE. 

n 

s 

Pressures    Required    at    Hy- 
drant OR   Fire  Engine,   while 

u 

Discharge,   Gallc 
per  Minute. 

stream    is    flowing,   to   main- 
tain Nozzle  Pressures  given  in 
First  Column,  through  various 
Lengths    of   Best  Quality  3J- 
INCH  Rubber  Lined  Hose. 

11 

0) 

8s' 

ii 

ll 

8^' 

00  \Z, 

St 
0  ^> 

II 

8ti 

8^ 

si 

18 

20 

350 

31 

41 

5P 

60 

70 

80 

94 

109 

20 

25 

392 

38 

51 

63 

75 

87 

99 

118 

136 

25 

80 

429 

46 

60 

75 

89 

103 

118 

139 

161 

80 

85 

463 

53 

70 

86 

103 

120 

136 

161 

186 

85 

40 

496 

61 

'79 

98 

117 

136 

155 

183 

2X1 

40 

45 

525 

68 

89 

no 

131 

152 

173 

205 

236 

45 

M 

554 

76 

99 

122 

145 

168 

192 

226 

261 

50 

65 

581 

83 

108 

133 

158 

184 

209 

247 

284 

56 

60 

607 

90 

117 

144 

172 

199 

226 

267 

308 

60 

65 

631 

97 

127 

156 

i8r 

215 

244 

289 

65 

70 

655 

105 

136 

167 

199 

230 

262 

309 

70 

75 

678 
700 

112 

145 

1 55 

179 
191 

212 

245 
262 

279 
297 

75 

80 

119 

226 

80 

85 

722 

127 

165 

202 

240 

278 

316 

85 

90 

743 
763 
783 

134 
141 
149 

174 

.183 

193 

214 
225 
237 

254 
267 
281 

294 
309 

90 

95 

95 

100 

100 
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Fire  Prevention  and  Protection 


1 

3/4.INCH  SMOOTH  NOZZLE.- 

>3  i/a-INCH  HOSE. 

1/1 
0 

1    Pressures  Required  at  Hydrant  or 
Fire  Enoihe,  while  stream  is  flow^ 
I  NO,  TO  maintain  Nozzle  Pressures 
GIVEN    IN   First  Column,    through 
VARIOUS  Lengths   of  Best  Quality 
3i-iNCH  Rubber  Lined  Hose. 

14 

11 

0  , 

8| 

28 

li 

8^ 

a 

II 

II 

101 

■II 

2Q 

407 

35 

41 

48 

54 

Ci 

74 

£7 

20 

2ft 

45S 

35 

43 

Si 

59 

67 

75 

91 

107 

123 

2S 

80 

493 

4' 

5i 

60 

70 

79 

89; 

loS 

137 

146 

SO 

ITS 

53^ 

48 

S9 

70 

Si 

92 

103 

124 

146 

16B 

36 

40 

S75 

S5 

67 

So 

93 

loS 

117 

142 

167 

I9[ 

M 

45 

609 

63 

75 

89 

103 

117 

»3l 

"SS 

IS6 

213 

46 

£0 

f>43 

68 

R4 

99 

115 

130 

HS 

176 

206 

337 

60 

&& 

f^74 

75 

r- 

109 

^25 

142 

159 

192 

22s 

259 

&i 

eo 

704 

82 

JOO 

u^ 

136 

"54 

17^ 

20S 

344 

280 

m 

65 

732 

89 

loS 

117 

147 

166 

1S6 

224 

263 

302 

«6 

70 

7r.i 

95 

n6 

137 

iSF 

17S 

199 

241 

282 

70 

76 

7B7 

la. 

124 

146 

16S 

190 

212 

257 

3Dt 

76 

m 

813 

109 

132 

iS6 

179 

203 

226 

273 

330 

80 

S5 

83S 
S62 

115 

132 

140 
14S 
'56 

t6^ 

190 

200 

214 
227 
^3S 

239 

2S3 
266 

389 

M 

00 

174 

90 

m 

S85 

128 

211 

— 

06 

100 

909 

13s 

164 

193 

233 

asi 

280 

100 
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a-INCH  SMOOTh  NOZZLE.-3  i/a-INCH  HOSE. 


u 

§ 

^ 

II. 

S 

Pressures   Required    at-  Hy- 
drant OR  Fire  Engine,   while 
stream  is  flowing,  to  maintain 
Nozzle  Pressures  given  in  First 
Column,       through       various 
Lengths  of  Best  Quality    34- 
iNCH  Rubber  Lined  Hose. 

0^ 

^ 

zS 

8^ 
2^2 

8^ 

il 

8^ 

l| 

OOptH 

8«* 

z8 

20 

26' 

80 

85 

40 

45 

50 

55 

eo 

65 

532 
594 
651 
703 
752 
797 
841 
881 
920 
958 

994 
1,029 
1.063 

1.095 
1,128 

M58 
1,189 

33 

41 

49 

57 

65 

72 

80 

88 

96 

104 

112 

119 

127 

135 

H3 

151 

158 

44 

54 

64 

75 

85 

95 

105 

116 

126 

136 

146 

156 

166 

176 

186 

196 

206 

55 
67 
80 

93 
105 
118 
130 
-143 
155 
168 
180 
192 
205 
217 
229 
241 
253 

65 
80 

96 

,111 

126 

140 

155 
170 

185 
200 

214 
229 

243 
258 
272 
286 
301 

76 

93 
III 
12^ 
146 
163 
180 
197 
214 
232 
248 
265 
282 
299 

87 
106 
127 
147 
166 
185 
205 
225 
244 
263 
282 
301 

109 
133 

158 
183 

i207 
231 

255 
279 

303 

130 

»59 
C89 
2,9 
247 
276 

305 

20 

25 
80 
85 
40 
45 
50 
55 
60 
65 

70 

70 

75 

75 

80 
85 
90 

80 

85 
90 

95 

95 
100 

100 

Digitized  by  VjOOQlC 


724 


Fire  Prevention  and  Protection 


ft 

CO 

">* 

to 

O) 

N 

in 

O) 

CO 

CO 

"^ 

t^ 

o 

t- 

to 

O 

^n 

C4 

o 

o 

o 

o 

o- 

,_4 

«H 

«H 

CM 

Tl* 

00 

i-H 

00 

CM 

o 

to 

CM 

CO 

•* 

Q 

- 

H 

^ 

la 

o 

t^ 

so 

to 

00 

_| 

to 

CO 

M 

J 

\ 

o 

^ 

^ 

CSI 

CO 

Tf 

to 

1^ 

O) 

r* 

CO 

1^ 

^ 

Oi 

^ 

CJ 

Ui 

*H 

CO 

Tf 

o 

00 

CM 

00 

fa 

•-^ 

R 

n 

OQ 

»H 

D 

q:: 

in 

N 

CO 

in 

Oi 

Ih 

CO 

r>. 

c^ 

00 

to 

in 

Tf 

in 

t^ 

o 

w 

CO 

Tf 

in 

to 

—K 

c/) 

Q 

2 

in 

£ 

(^ 

^ , 

CO 

o> 

s 

in 

in 

o 

o 

csj 

d 

CVJ 

t> 

o 

00 

gj 

^ 

?5  ^ 

to 

-4 

o> 

CO 

in 

00 

in 

ffi 

- 

^ 

CO 

in 

00 

CM 

in 

CM 

ss 

iz:  ■ 

N 

(/) 

s 

a> 

in 

CM 

o 

Oi 

in 

W  . 

*H 

c^^ 

CO 

T»< 

-«* 

a> 

b- 

^ 

s 

s 

s 

^ 

■  H 
U 

2   • 

^ 

C^ 

to 

CO 

in 
in 

00 

d 

CO 

to 

d 

t^ 

CM 

•»-• 

l-« 

M 

CO 

t- 

fa 

«H 

lO 

CM 

Tf 

to 

- 

N 

m 

Oi 

CO 

00 

^ 

SJ 

s 

s 

s 

S 

t-l 

/ 

»H 

Q 

1 

00 

00 

in 

CO 

00 

in 

J^ 

•«1« 

a 

Oi 

£; 

CO 

iS 

^ 

0. 

^ 

in 

CM 

°4 

to 

s 

s 

g 

^ 

< 

00 

to 

to 

Oi 

t>i 

00 

CO 

;^ 

Tf 

to 

00 

•-I 

ft 

00 

S 

R 

u 

Q 

N 

• 

00 

i-H 

CO 

lO 

in 

in 

-t 

CM 

00 

o 

\ 

^ 

Tf« 

h- 

»H 

to 

N 

O) 

t^ 

in 

z 

*H 

*H 

CVJ 

N 

CO 

T»< 

«    (U 

o  2 

o 

lO 

8 

to 

S 

in 

CO 

S 

in 

s 

R 

8 

8 

s 

R 

g 

s 

»H 

M 

CM 

Digitized  by  VjOOQ IC 


Fire  Stream  Tables  725 


METHODS  OF  DETERMINING  APPROXIMATE  NOZZLE 

OR  ENGINE  PRESSURES  WITH  HOSE  LINES 

MADE  UP  OF  TWO  DIFFERENT  SIZES  OF 

HOSE,  SIAMESED  LINES  OR  A  SINGLE 

LINE  BRANCHING  INTO  TWO 

A  fairly  common  form  of  example  in  hose  layouts  is  one  involv- 
ing siamesed  lines,  or  a  line  made  up  of  two  different  sizes  of 
hose.  These  can  be  worked  easiest  by  reducing  the  siamesed  lines, 
or  the  different  sizes  of  hose  all  to  an  equivalent  length  of  25^-inch 
hose  that  is,  to  a  length  of  2^-inch  hose  which  will  give  the  same 
total  friction  loss  as  the  siamesed  line  or  the  combined  lines.  To 
enable  this  to  be  done,  the  factors  on  page  695,  based  upon  the 
relative  friction  loss  of  the  different  sizes  and  combination  of  hose, 
can  be  used.  1 

For  an  example  indicating  the  use  of  the  factors:  From  a  high 
pressure  hydrant,  one  400-foot  line  of  25^ -inch  hose  and  one  400- 
foot  line  of  3-inch  hose  is  siamesed  into  a  600-foot  line  oi  3-inch 
hose,  which  connects  to  a  400-foot  line  of  2j/2-inch  hose  having  a 
I ^ -inch  tip;  what  pressure  will  be  necessary  at  the  hydrant  to  give 
so  pounds  nozzle  pressure? 

The  factor  for  siamesed  lines  of  3-inch  and  2^-inch  is  6.1;  then 
the  length  of  2^-inch  hose  equivalent  to  the  400  feet  of  siamesed 

400 
lines  is  — ,  or  65  feet. 
6.1 

The  factor  for  3-inch  hose  is  2.6;  then  the  length  of  2}4-inch  hose 

600 
equivalent  to  the  600  feet  of  3-inch  is  — ,  or  230  feet. 

2.6 

Therefore  the  total  equivalent  25/^-inch  line  is  65  plus  230  plus 
400  feet,  or  €95  feet,  which  can  be  assumed  as  14  lengths. 

Using  the  constant  (K)  for  iJ4-inch  nozzle,  as  given  on  page  697, 
we  can  solve  the  problem  with  ease,  as  follows: 

Engine  Pressure  =  50  (i.i  +  .246  X  14) 
=  50(1.1+347) 

=  50  X  4.57 

=  228  pounds 
For  siamesed  lines  of  hose  of  same  diameter,  but  of  different 
length,  the  following  rules  may  be  used: 

Siamesed  line,  one  twice  as  long  as  the  other,  equal  one  line 
one-third  the  length  of  the  shortest. 

Example :    One  line  300  feet  and  one  line  600  feet  siamesed, 
are  equal  to  one  line  100  feet  long.  Digitized  by  v^OOglC 
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Siamesed  lines,  one  three  times  as  long  as  the  other,  equal 
one  line  0.4  the  length  of  the  shortest. 

Example :  One  line  500  feet  and  one  line  1,500  feet  siamesed 
are  equal  to  one  line  0.4  X  5oo,  or  200  feet  long. 
For  the  problem  involving  a  single  line  of  hose  branching  into 
two  lines,  each  with  a  separate  nozzle,  it  is  necessary  to  find  the 
length  of  a  single  line  having  the  same  friction  loss  as  the  two 
parallel  lines,  and  the  size  of  a  single  nozzle  equivalent  to  the  two 
on  the  lines  in  question.  Equivalent  nozzle  sizes  may  be  taken  from 
the  table  on  page  '72']  and  the  equivalent  length  of  a  single  line  may 
be  found  by  the  use  of  the  factors  given  in  the  preceding  problem. 

It  is  not  always  possible  to  find  a  nozzle  size,  for  use  in  the 
formula  on  page  697,  which  is  the  exact  equivalent  of  two  or  more 
smaller  nozzles,  but  a  close  approximation  can  usually  be  made  or 
a  value  of  K  for  an  odd  size  can  be  calculated  as  given  at  the 
bottom  of  page  697. 

For  an  example  indicating  the  method  of  working  out  this  prob- 
lem, consider  a  single  500-foot  line  of  3-inch  hose  branching  into 
two  300-foot  lines  of  2^-inch  hose,  each  with  a  ij^-inch  nozzle. 
Assume  a  pressure  of  150  pounds  at  the  engine  and  determine  the 
nozzle  pressure. 

Two   I J^ -inch   nozzles   are   approximately  the  equivalent  of 
oYie  I  f^ -inch  nozzle. 
The  factor  of  3-inch  hose  is  2.6,  and  the  length  of  254-inch 

500 
hose  equivalent  to  500  feet  of  3-inch  is    —  or  192  feet. 

2.6 
The  factor  for  two  lines  of  2 5^ -inch  hose  is  3.6,  and  the 
length   of   a   single   line  of    2^-inch   hose   equivalent  to   two 

300 
300-foot  lines  is  —   or  83  feet. 
3.6 
This  combination  of  hose  and  nozzles  is,  therefore,  the  equivalent, 
that  is,  will  deliver  about  the  same  amount  of  water,  as  one  15^-inch 
nozzle  on  the  end  of  a  line  of  25^-inch  hose,  192  4-83  feet  long  = 
275  feet.     Using  the  formula  on  page  700,  we  have  then: 

150 

Nozzle  Pressure  =     =  3i  pounds 

1.1+5.5X0.68 
By  using  the  table  on  page  700  to  determine  the  discharge  at  31 
pounds  nozzle  pressure  through  a  iJ/^-inch  nozzle,  and  table  on  page 
699  to  determine  the  friction  loss  in  500  feet  of  3-inch  hose  and  two 
300-foot  lines  of  2 5^ -inch  hose,  we  find  that  the  solution  is  not 
exactly  correct,  since  the  31  pounds  nozzle  pressure  in  the  problem 
above  will  actually  require,  allowing  about  3  pounds  loss  at  the 
engine  outlet  and  the  same  at  the  Y  branch,  only  146  pounds 
engine  pressure.  The  error  in  this  case  arises  from  the  fact  that 
the  two  15^-inch  nozzles  are  not  quite  the  equivalent  of  one  15^- 
inch.  The  solution  of  the  problem  given  above  is,  however,  suffi- 
ciently close  for  all  practical  purposes.  ,  ^  . 
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APPROXIMATE  COMPARISON  OF  NOZZLES 
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Method  of  Using. — To  find  which  size  nozzle  equals  two  i^^-inch.  nozzles:  On 
the  line  marked  2,  the  size  nozstle  (i%)  in  the  column  i^"  will  be  the 
corresponding  size. 
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INSPECTION  REPORTS 

Below  is  presented  an  address  by  F.  C.  White,  Executive  Assist- 
ant of  the  New  York  Underwriters  Agency,  before  the  Fire  Un- 
derwriters Uniformity  Association,  which  deals  with  the  subject 
in  a  practical  manner,  with  particular  reference  to  what  the  Fire 
Insurance  Companies  expect  a  reoort  to  cover. 

A  Complex  Subject.— *-The  subject,  "What  the  Companies  Ex- 
pect from  Inspection  Reports,"  is  so  important,  and  in  a  sense 
so  complex,  that  while  I  was  glad  to  accept  the  invitation  of  your 
president  to  speak  on  it,  believing  that  by  so  doing  I  might  assist 
in  the  good  work  you  are  undertaking,  I  approached  the  task  with 
considerable  diffidence. 

In  preparing  the  subject  matter  f6r  this  paper  I  have  endeavored 
to  give  a  general  idea  of  all  companies'  needs  in  the  matter  of 
inspection  reports,  based  upon  such  data  as  I  have  been  able  to 
gather  in  the  limited  time  at  my  disposal,  rather  than  to  confine 
myself  to  an  expression  of  purely  personal   convictions. 

One  point  respecting  inspection  reports  upbn  which  all  com- 
panies are  agreed  is  the  urgent  need  of  uniformity.  The  impor- 
tance of  this  phase  of  the  subject  under  consideration  is  sufficient 
to  warrant  serious  thought,  and  leads  me  to  devote  some  time  to 
it  before  taking  up  other  details. 

Varying  Reports  Costly. — Lack  of  uniformity  in  inspection  re- 
ports is,  in  my  belief,  not  only  costly  to  the  companies  by  reason 
of  the  additional  length  of  time  required  to  pass  upon  them,  but 
is  also  the  direct  cause  of  loss*  of  business,  or  overlines,  from  quite 
natural  fnisconceptions  on  the  part  of  examiners.  To  illustrate  my 
meaning  let  me  give  you  some  statistics  from  our  own  office, 
statistics  whjich  are  duplicated,  or  approximated,  in  the  offices  of 
all  companies  doing  a  country-wide  business.  Through  our  Special 
Risk  Department  we  handle,  in  round  numbers,  60,000  inspection 
reports  per  annum.  Our  agency  departments  pass  nearly  20,000 
more.  AH  of  these  reports  must  be  read.  They  come  to  us  from 
thirty  inspection  bureaus  and  rating*  organizations,  and  each  differs 
from  the  others  to  a  greater  or  less  degree.  Now  consider  for  a 
moment  the  mental  agility  required  of  the  men  whose  duty  it  is 
to  read  and  analyze  these  differing  reports.  First  comes  a  report 
with  a  summary  epitomized  to  the  last  safe  degree,  prominently 
set  forth  on  the  first  page.  An  ideal  condition.  Next,  one  with  the 
summary  on  the  last  page,  and  then  one  with  no  summary  at  all. 
One  report  covering  twenty  buildings  in  a  plant,  and  then  twelve 
reports  covering  twelve  buildings  in  another  plant,  including  sep- 
arate reports  for  the  dry  kiln  and  oil  house.  One  report  giving 
the  grading  as  a  sprinklered  risk  "  97.8  per  cent,"  the  next  "  7-ioths 
of  the  standard,"  and  the  next  "good  to  fair."  I^had  before  me 
a  few  days  ago  two  reports  from  different  bureaus  covering  the 
same  risk.    One  gave  the  sprinkler  equipment  a  grading  of  95  per 
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cent,  the  other  credited  it  with  44.4  per  cent.  Compiled  as  they, 
were  in  acordance  with  the  system  in  vogue  in  each  bureau,  both 
gradings  were  probably  corre9t.  .  To  cpntinue,  one  bureau  giyes  a 
loss  estimate  in  plain  figures,  substantiated  by  a  statement  of  values. 
A  report  from  another  bureau  gives  no  statement  of  values  but 
does  contain  the  opinion,  if  we  may  call  it  an  opinion,  "  Prefer 
to  believe  that  the  fire  department  would  effect  a -saving  of  15 
per  Cent."  The  examiner  works  his  way  through  the  reports  as 
best  he  can,  at  times  using  his  knowledge  of  the  men  responsible 
for  them  in  attempting  to  estimate  what  effect  the  weather  condi- 
tions may  have  had  upon  the  expressed  opinions,  and  in  other 
cases  heartened  by  the  knowledge  that  he  is.  dealing  with  facts, 
set  down  in  the  order  bf  greatest  importance,  and  in  the  plainest 
language.  There  can  he  no  doubt  that  many  mistakes  would  be 
obviated  if  all  information  reached  the  companies  in  uniform  re- 
ports. Your  association  has  done  much  toward  bringing  about 
this  result.  The  service  of  those  bureaus  which  have  adopted  the 
uniform  report  blank  is  most  valuable  to  their  subscribers,  and  the 
value  of  that  service  will  increase  as  the  scope  of  the  reports  is 
broadened  (always  uniformly,  I  hope),  to  cover  all  details  that 
may  be  reasonably  desired. 

Proper  Reports. — Now  passing  on  to  the  question  of  the  proper 
substance  and  extent  of  inspection  reports,  we  may  say,  speaking 
broadly,  that  the  companies  ,want  in  each  original  report  every  f arct 
that  has  any  bearing  on  tile  intelligent  underwriting  of  the  risk 
reported  on;  and  in  each  succeeding  report  they  want  a  condensed 
statement  of  such  facts » brought  down  to  date.  There  is  without 
doubt  a  difference  of  opinion  among  companies  on  the  question 
of  what  constitutes  a  proper  report,  but  I  am  sure  a  careful 
analysis  of  the  difference  would  show  that  it  lies  more  in  the 
form  in  which  the  facts  should  be  set  forth,  than  in  the  extent 
of  the  information  needed.  In  my  judgment  the  form  of  an  ideal 
report  blank  would  vary  little,  if  any,  from  the  blank  adopted 
as  the  standard  of  this  association.  I  am  sure  all  companies 
would  be  well  satisfied  if  every  report  contained  just  the  informa- 
tion required  to  make  a  complete  story  under  all  heads  provided 
in  that  blank,  with  perhaps  a  very  slight  amplification  of  which 
I  shall  speak  later.  To  illustrate  my  conclusions  as  regards  the 
difference  of  opinion  among  companies  in  respect  to  inspection 
reports,  we  will  divide  the  companies  into  two  general  classes. 

Conservative  Special  Hazard  Writers. — In  the  first  class  we 
will  put  the  companies  that  accept  lines  on  special  hazards  and 
sprinklered  risks  conservatively,  and  maintain  no  special  depart- 
ments'to  handle  those  classes.  I  find  that  in  their  offices  inspection 
reports  are  usually  passed  by  the  regular  examiners,  who  also  pass 
daily  reports  for  all  classes.  These  men  have  a  great  many  details 
to  handle  and  usually  read  inspection  reports  for  only  such  risks 
as  their  companies  have  lines  upon.  The  liability  assumed  on  each 
risk  is  comparatively  light,  so  a  careful  analysis  of  distribution 
of  values  and  other  details  is  not  deemed  a  vital  necessity.  In  fact, 
I  find  that  in  some  offices  it  is  the  practice  to  "  make  assurance 
doubly  sure"  by  discounting  inspection  bureau  loss  estimates  as 
much  as  50  per  cent  in  fixing  lines.  Now  these  companies  value 
inspection  service,  but  you  will  readily  understand  that  to  be  obliged 
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.to  read  a  multitude  of  details  in  reports  would,  under  their  system 
of  handling  the  business,  be  burdensome.  For  them,  the  summary 
that  prefaces  the  standard  uniform  report  would  seem  to  be  ideal. 

Companies  Writing  Special  Hazards  Freely. — ^The  second  class 
comprises '  those  companies  that  specialize  on  sprinklered  risks, 
traction  properties,  and  other  large  line  special  hazards.  This 
business  the^  handle  through  special  departments,  and  they  desire 
that  inspection  reports  be  coniplete  in  all  details  of  construction, 
fire  protection,  hazards,  distribution  of  values,  etc.  The  reason 
for  this  I  think  you  all  understand  very  well.  The  lines  written 
are  usually  large,  and  the  acceptance  of  them  involves  great  respon- 
sibility, which  can  be  safely  assumed  only  with  a  full  knowledge  of 
all  conditions.  No  inspection  bureau  or  rating  organization  can 
properly  perform  the  underwriting  functions  of  these  companies, 
nor  would  it  be  fair  to  expect  such  service  from  them. 

Uniform  Blank  Meets  All  Requirements. — So  we.  have  the  two 
classes  of  companies  that  must  be  served  through  the  same  form 
of  report :  one  desiring  a  sort  of  arctic  explorer's  tabloid  m^al, 
the  other  with  members  whose  appetites  can^be  appeased  only  by 
a  complete  collection  of  details.  Both  classes  can  be  satisfied  by 
a  faithful  observance  of  all  requirements  of  the  uniform  report 
blank.  The  information  provided  in  the  condensed  summary  can 
be  set  forth  only  after  collecting  the  details  necessary  for  the  com- 
plete report,  and  then  boiling  them  down.  The  details  once  ob- 
tained may  be  incorporated  in  the  report  without  serious  expense, 
for  the  use  of  those  who  claim  to  need  them. 

Extent  of  Information  Desired. — First  repeating  my  belief  that 
the  standard  uniform  report  blank,  with  a  few  minor  additions, 
will  furnish  all  information  that  any  company  needs,  provided  that 
all  of  its  requirements  are  observed,  I  will  refer  as  briefly  as  pos- 
sible, to  the  extent  of  the  information  required  under  some  of  the 
principal  heads  of  that  blank,  giving  you  such  thoughts  as  have 
occiiri-ed  to  me,  or  have  been  suggested  by  those  gentlemen  with 
whom  I  have  taken  occasion  to  confer  on  the  subject.  The  first 
head  to  which  reference  need  be  made  is 

Name  of  Broker. — Not  all  repbrts  give  information  on  this 
point,  which  by  the  companies  is  considered  an  important  one.  It 
is  usually  not  difficult  to  obtain  the  name  of  broker  or  agent  who 
carries  the  most  of  the  insurance  or  places  the  line. 

Map  pr  Plan. — ^The  companies  which  make  a  specialty  of  the 
classes  of  risks  reported  on  by  inspection  twireaus  value  the  plans 
which  some  bureaus  furnish  with  reports  on  sprinklered  risks, 
and  would  like  to  see  the  practice  of  sending  out  such  plans  made 
universal.    The  plans  should  be  complete  and  uniform. 

Raw  Stock.— A  complete  list  of  materials  should  appear  in  each 
report  It  requires  trained  inspectors  to  know  what  to  look  for 
in  each  risk.  The  importance  of  the  information  cam  hardly  be 
overestimated. 

Processes. — ^This  is  also  a  very  important  subject,  and  the  re- 
marks just  made  apply  equally  to  it. 

Machinery. — Under  this  head  should  be  brought  out  any  condi- 
tions that  would  have  a  bearing  in  classifying  the  risk.  For  ex- 
ample, cards  in  a  woolen  mill  using  some  cotton  stock  should  be 
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described  so  that  it  may  be  known  whether  cotton  is  being  worked 
on  open  wool  cards  or  otherwise.  On  the  other  hand,  full  lists 
of  machinery  in  such  risks  as  machine  shops,  sash,  door  and  blind 
factories,  etc.,  are  of  minor  importance.  The  presence  of  any 
special  machinery  should  always  be  noted. 

Location  of  Values.— Fully  appreciating  that  it  is  very  often 
difficult  to  gather  information  under  this  head,  I  cannot  state 
too  emphatically  that  it  is  highly  important  that  every  report 
contain  a  statement  of  values,  even  though  it  be  obtained  at  the 
expense  of  much  effort. 

Prominently  Desirable  Features  and  Prominently  Undesirable 
Features^ — Full  information  under  these  heads  affords  the  quick- 
est means  of  analyzing  a  risk,  and  is  one  of  the  first  things  looked 
for  in'  making  an  estimate.  In  some  cases  the  undesirable  features  / 
are  so  serious  that  a  decision  to  decline  the  risk  may  be  arrived 
at  without  reading  further. 

Construction. — Information  should  be  full  and  complete,  as 
provided  for  in  the  uniform  report  blank.  Reports  should  give 
the  percentage  of  each  type  of  construction,  and  any  unusual  con- 
ditions should  be  brought  out. 

Common  Hazards  and  Special  Hazards. — Here  again  the 
trained  inspector  has  opportunity  to  point  out  any  unusual  hazards, 
chemical  combinations,  etc.  The  description  of  all  hazards  should 
be  made  complete  in  all  essential  details. 

Administration. — The  importance  of  the  information  under  this 
head  is  appreciated  by  all  who  examine  inspection  reports.  It  is 
one  of  the  subjects  turned  to  first  in  reports  which  contain  the 
information.  A  succession  of  reports  ^howing  lax  administration 
is  usually  sufficient  warrant  for  declining  the  risk. 

Exposure. — Information  should  be  full  and  complete  in  accord- 
ance with  the  requirements,  of  the  uniform  report  blank,  twines 
cannot  be  fixed  intelligently  without  a  full  knowledge  of  the  ex-- 
posures  and  the  protection  against  same.  Here  again  I  would 
emphasize  the  necessity  for  facts,  rather  than  opinions  unsub- 
stantiated by  details. 

Protection. — All  details  provided  for  in  the  uniform  report  blank 
are  essential.  The  size  of  the  street  main  and  the  static  water 
pressure  may  mean  very  little  without  a  statement  of  what  is  back 
of  them.  A  full  knowledge,  of  pubHc  fire  defenses  cannot  be  had 
without  making  working  tests.  Some  of  our  bureaus  include  an 
analysis  of  the  town  fire  protection  in  their  reports,  and  the  facts 
brought  out  through  their  work  are  highly  important.  The  value 
of  street  main  connections  to  yard  hydrants  and  sprinkler  equip- 
ments cannot  be  determined  accurately  without  such  analysis. 

Automatic  Sprinkler  Equipment. — Nothing  short  of  a  full  state^ 
ment  in  accordance  with  the  requirements  of  the  uniform  report 
blank  would  be  sufficient  under  this  important  head.  It  should  be 
borne  in  mind  that  most  companies  desire  all  details  regarding 
sprinkler  equipments,  even  though  some  of  them  may  impress  the 
compiler  of  the  reports  as  being  immaterial.  Reference  to  sprink- 
ler alarms  or  other  devices  may  not  properly  be  omitted  from  re- 
ports because  in  the  opinion  of  the  author  of  the  reports  they  are 
so  fallible  as  to  merit  no  mention.     The  reports  in  this  respect. 
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as  well  as  all  others,  should  consist  'of  statements  of  facts,  and 
should  not  contain  opinions  which  find  expression  in  the  omission 
of  what  may  by  some  be  considered  important  details.  By  this  is 
not  meant  to  suggest  the  omission  of  definitely  expressed  opinions, 
so  long  as  they  are  not  substituted  for  facts.  The  last  of  the  sub- 
heads for  this  subject  in  the  uniform  report  blank  reads: 

Equipment  in  General. — Here  the  inspector  has  opportunity  to 
cover  much  information  of  importance.  Every  inspection  of  a 
sprinkler  equipment  should  include  a  careful  examination  of  the 
tanks  and  their  supports,  .  including  bearing  walls.  The  hoops 
should  be  examined  for  deterioration,  and  any  rotting  of  supports, 
or  settling  or  cracking  of  walls,  should  be  noticed  in  reports,  and 
the  attention  of--the  insured  should  be  drawn  to  same  before  the 
inspector  leaves  the  premises.  The  companies  encourage  the  in- 
stallation of  sprinklers,  and  they  owe  it  to  the  insured  to  advise 
them  on  such  points  even  though  the  companies  might  not  suffer 
directly  through  a  failure  to  do  so.  For  the  same  reason  the 
inspector  should  also  report  on  any  improperly  heated  sections  of 
buildings,  improperly  insulated  piping,  or  dry  valve  closets.  He 
should  report  on  any  poorly  supported  piping,  or  sections  of  equip- 
ment subject  to  injury  by  s.ettling  of  buildings,  or  dangerous  proxim- 
ity of  belts  to  sprinklers,  or  any  arrangement  of  stock  piles  that 
might  endanger  sprinkler  risers  or  piping.  In  fact,  every  defect 
in  the  sprinkler  equipment  should  be  reported,  and  pointed  out  to 
the  insured,  even  though  such  defects  might  not,  in  the  inspector's 
opinion,  seriously  threaten  the  integrity  of  the  sprinkler  protection. 

Record  of  Fires. — This  is  important  information,  and  should  be 
brought  down  to  date  in  each  succeeding  report. 

Improvements  Recommenced. — Recommendations  covering  vital 
improvements  should  be  separated  in  reports  from  suggestions  for 
improvements  to  make  risks  standard.  I  believe  it  is  the  general 
opinion  that  a  proper  function  of  all  inspection  bureaus  is  to  bring 
^about  improvements  in  risks  they  inspect.  It  is  important  that 
vital  defects  be  corrected  whenever  possible  before  the  inspector 
leaves  the  risk.  When  this  cannot  be  accomplished,  the  com- 
panies should  be  furnished  reports  of  progress  at  short'  intervals, 
until  improvements  have  been  completed,  or  abandoned.  The  fore- 
going is  the  practice  of  some  of  our  bureaus,  and  I  believe  the 
companies  would  willingly  assume  such  additional  expense  as  might  , 
be  occasioned  through  the  extension  of  the  practice  to  all  of  them. 

Reinspection  Reports. — And  now  for  the  reinspection  report. 
I  will  take  up  but  a  moment  on  this  subject.  The  information  re- 
quired under  the  uniform  reinspection  blank  with  slight  additions, 
should,  I  believe,  satisfy  all  companies,  but  nothing  short  of  that 
would  suffice.  At  first  glance  it  might  seem  unnecessary  to  repeat 
in  the  reinspection  reports  the  information  given  in  the  original 
reports,  but  doing  so  would  result  in  a  saving  of  time  to  the  com- 
panies more  than  sufficient  to  balance  the  additional  expense  of 
the  longer  reports.  I  know  of  nothing  more  irritating  than  to  be 
obliged  to  run  through  a  number  of  partial  reports  back  to  the 
last  original  in  order  to  make  a  proper  estimate  of  a  risk. 

In  the  commencement  I  stated  my  belief  that  the  uniform  report 
blank  with  slight  amplifications  would  satisfy  al!  companies.  My 
thought  was  that  three  heads  should  be  added  to  the  blanks  to 
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make  them  complete.  I  would  suggest  "  REMARKS,"  '*  USE  AND 
OCCUPANCY,"  and  "GRADING,"  as  those  heads.  Each  of. them 
is  being  used  by  some  of  the  bureaus,  and  I  think  that  the  adoption 
of  them  as  a  part  of  the  uniform  report  blank  would  be  welcomed. 
Under  ^ 

Remarks  might  be  'included  such  information  as  the  inspector 
can  gather  regarding  the  prosperity  of  the  risk,  including  state- 
ment of  whether  or  not  the  plant  is  running  full,  and  the  reasons 
for  any  partial  shut-down.  Of  course,  if  the  plant  is  idle,  the 
fact  should  be  stated  and  reasops  given.  Press  notices  from  local 
papers  indicating  financial  troubles  are  sometimes  valuable.  In 
fact,  any  information  on  this  subject  would  be  appreciated.  There 
will  be  opposition  in  many  minds  to  this  suggestion.  Think,  it  over 
and  see  if  a  definite  scope  cannot  be  worked  out  that  all  may  safely 
observe.  Under  this  head,  too,  the  inspector  might  properly  be 
permitted  to  express  his  personal  opinions.  The  opinions  of  quali- 
fied inspectors  would  be  welcomed  so  long  as  tbey  did  not  take 
the  place  of  facts. 

Use  and  Occupancy. — Your  association  has  adopted  a  uniform 
Use  and  Occupancy  Report  blank,  which  provides  for  all  needed 
information  on  that  subject.  The  companies  who  write  the  class 
(and  their  number  is  increasing),  would  value  a  summary  of  that 
information  in  each  general  inspection  report. 

Uniform  Grading  of  Sprinkler  Equipments. — The  question  of 
a  uniform  schedule  for  grading  sprinkler  equipments,  1  believe  is 
still  in  the  hands  of  your  cominittee.  That  this  is  one  of  the  most 
perplexing  subjects  with  which  you  have  to  contend  is  readily 
understandable.  The  question  I  have  in  mind  is  whether  any  grad- 
ing schedule  that  may  be  worked  out  wiU  be  of  material  help  to  ' 
the  companies  as  a  whole.  I  am  quite  certain  that  a  schedule  pro- 
viding charges  for  deficiencies  in  the  sprinkler  systems  based  wholly 
on  the  rules  for  sprinkler  installation  and  arrangement  of  build- 
ings, and  giving  the  results  in  percentages,  would  be  misleading 
to  a  great  many  men  who  pass  upon  business  for  the  comfpanies. 
I  have  often  heard  some  such  remark  as  this  made,  "  That  is  a  fine 
risk,  the  bureau  gives  it  a  grading  of  95  per  cent."  Perhaps  the 
risk  was  a  wholesale  dry-goods  store,  and  the  statement  quoted 
was  sound.  On  the  other  hand,  it  might  have  been  a  risk  so  filled 
with  combustible  stock,  or  so  constructed,  as  to  make  sprinkler 
control  extremely  doubtful,  but  provided  the  sprinkler  equipment 
were  properly  installed  and  had  approved  water  supplies,  it  too 
might  grade  95  per  cent.  Personally  I  incline  to  a  system  that  will 
admit  of  grading  a  risk  in  plain  language,  as.  Excellent,  Good, 
Fair,  Indifferent,  Poor.  This  plan  is  now  in  use  in  some  bureaus, 
and  seems  to  have  general  approval.  There  is  no  doubt  but  that 
any  system  should  have  as  a  basis  some  fixed  and  uniform  method 
of  arriving  at  a  grading,  but  all  that  need  appear  in  the  reports 
is,  for  e^Cample,  "  Grading  as  a  sprinklered  risk,  excellejnt,"  this 
grading  to  be  arrived  at  with  due  consideration  given  to  all  favor- 
able and  unfavorable  condition. 

Inspectors. — No  discussion  of  the  subject  of  this  paper  would 
be  complete  without  giving  some  time  to  the  question  of  inspectors. 
That  the  companies  cannot  expect  to  receive  through  inspection 
reports  the  information  they  need,  unless  the  men  on  the  firing 
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line  who  gather  the  data  are  thoroughly  qualified  for  the  work 
they  have  to  do,  goes  without  saying.  What  constitutes  proper 
qualifications  is  a  question  not  so  easily  disposed  of,  for  my  in> 
vestigations  indicate  that  there  is  a  marked  difference  of  opinion, 
among  managers,  of  inspection  bureaus  at  least,  on  that  point. 
Using  the  uniform  inspection  blank  as  a  st;findard,  it  would  seem 
that  there  should  be  no  quarrel  with  the  statement  that  a  properly 
qualified  inspector  is  one.  who  possesses  the  ability  to  gather  and 
present,  in  the  prescribed  manner,  all  the  information  provided  for 
under  each  head  of  that  blank.  I  .shall  not  attempt  to  touch  upon 
questions  of  temperament  and  industry  here,  for  I  believe  there 
is  little  difference  of  opinion  respecting  the  necessities  under  those 
heads.  The  point  I  feel  most  strongly  about  has  been  stated,  and 
I  cannot  but  believe  that  there  is  as  mucl\  necessity  for  a  uniform 
standard  of  qualifications  for  inspectors  as  there  is  for  the  other 
standards  being  worked  out  by  your  association.^  It  has  been  my 
good  fortune  to  be  associated  with  many  inspectors  during  the 
time  I  have  been  in  this  business,  and  I  want  to  say  here  that  as 
a  class  they  measure  high.  I  wonder  at  times  if  we  realize  fully 
just  how  important  to  the  companies  and  the  insured  is  the  work 
being  done  by  this  little  army  of  bright  men.  I  wonder  if  we 
realize,  to  the  full,  the  necessity  for  very  high  qualifications  in 
these  men  upon  whose  statements,  to  a  large  extent,  the  com- 
panies are  risking  immense  sums.  In  the  old  days  we  hewed  our 
inspectors  from  the  raw  material,  aoid  they  made  good  inspectors. 
But  the  hewing  took  time,  and  directly  or  indirectly  cost  money. 
In  some  cases  the  result  was  not  highly  finished.  The  technical 
schools  now  furnish  good  material  for  our  work,  fully  equipped 
in  the  commencement,  and  needing  only  the  finish  that  experience 
alone  can  furnish.  Now  I  would  not  go  so  far  as  to  say  that  none 
but  college-bred  men  should  be  employed  as  inspectors,  but  it  is 
apparent  that  such  men  have  an ,  immense  advantage  over  those 
who  have  to  pick  up  the  technical  knowledge .  after  they  take  up 
field  work,  even  though  the  latter  finally  become  wholly  qualified. 
As  between  the  college-bred  engineer,  and  the  inspector  who  has 
knowledge  of  only  a  part  of  the  subjects  which  must  be  covered 
in  his  reports,  there  can  be  no  comparison.  The  inspection  reports 
which  I  read  daily  give  evidence  of  the  point  I  am  endeavoring  to 
elucidate.  Some  reports  are  well  balanced,  furnishing  full  infor- 
mation under  each  head  in  a  manner  that  leaves  no  doubt  in  the 
reader's  mind  as  to  the  inspector's  complete  qualification  for  his 
work.  Others  give  very  full  and  intelligent  description  of  the  fire- 
defense  equipment,  but  are  lamentably  weak  in  other  particulars. 
My  belief  is  that  the  specialist  in  a  single  branch  of  insurance 
engineering  is  not  the  most  satisfactory  inspector,  which  leads  me 
to  repeat  that  there  is  need  for  a  standard  of  qualifications  for 
inspectors. 

FIRE  UNDERWRITERS*  UNIFORMITY  ASSOCIATION 
Standard  Uniform  Blank  for  Inspection  Report,  Adopted  1906 

1.  Standard  form  of  inspection  report. 

2.  Confidential. 

3.  Original  Sprinklered  Risk  Report  [when  such  is  the  easel .    No. 

4.  Name  of  Associaition  or  Bureau.  5.  AddressyOQlC 
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6.  Inspected  [Date]  Name  Inspector.       ^ 

7.  Insurance.  [Inserted  here  are  the  colnnms  and  spaces  for 
information  as  to  policies,  lines,  dates,  etcl 

8.  Name  of  Broker. 

9.  Survey  of  [if  tenant  plant  or]  Class  of  Risk  [as  Shoe  Factory] 
[Omnibus  occupancy,  give  name  of  owner  of  plant]  [Exceptions : 
If  principal  tenant  leases  whole  plant  and  sublets  portions,  or  if  he 
occupies  most  of  plant,  give  his  name  instead  of  owner.] 

10.  Location. 

11.  Map  or  Plan.  Volume,  Name,  Date  or  Date  of  Correction, 
Sheet,  Block  No. 

12.  Buildings  o\Yned  by,  [Give  ownership  of  individual  build- 
ings when  plant  comprises  a  group.] 

13.  Machinery  owned  by. 

14.  Occupied  by.  [Include  number  of  hands  employed,  how  many 
in  full  force,  hours.  In  omnibus  occupancy  group  13  to  18  for 
each  tenant.] 

15.  Goods  made  or  sold. 

16.  Raw  Stock.  [In  order  used,  and  any  important  information, 
such  as  proportions  of  wool,  cotton  or  shoddy,  whence  supply  of 
latter.]  i         , 

17.  Process.  [Describe  in  order  of  occurrence,  main  processes 
first;  then  processes  of  side  Products.] 

18.  Machmery.  [Described  in  order  of  processes.  Mention  ma- 
chinery unused  or  in  reserve.] 

19.  Location  of  values. 

20.  Summary. 

'  21.  A  complete  epitome  of  report  in  sequence  as  herein  given. 
Qass  of  Risk.  Construction,  including  cut-offs  [per  centum  of 
values  subject  to  one  fire].  Exposure.  Common  hazards.  Special 
hazards.  Administration.  Protection  [accessibility].  Automatic 
Sprinkler  Equipment,  grading  .of  sprinkler  equipment.  Fires. 
[Prosperity.]    Miscellaneous  items. 

22.  Prominent  Desirable  Features. 

23.  Prominent  Undesirable  Features. 

24.  Remarks. 
Construction. 

I.  Age  and  repair.  2.  Height  [including  any  blind  attics]. 

3.  Area.  4.  Walls.     Materials.     Thickness    (mention  but- 

tresses or  pilasters,  if  any).    Finish.    Parapet.    Coping.    Partitions. 

5.  Roofs  (and  supports).     Material.     Cornice.     Skylights. 

6.  Floors  and  supports.  7.  Ceilings. 

8.  Floor  openings.  Stairs.  Elevators  (and  hatchways).  Lig^ht 
Wells  (and  air  shafts).    Chutes.    Dumb  Waiters,  etc. 

9.  Fire  Divisions.    Kind,  number,  etc. 

10.  Occupancy  to  be  shown  by  floors  for  each  building  (lowest 
first). 

Note:  (a)  Where  there  is  a  general  group  or  where  there  are 
groups  of  buildings,  those  of  similar  construction  may  be  described 
together,  using  the  same  general  order  as  separate  buildings,  (b) 
Those  that  are  radically  different  in  construction  should  ])e  de- 
scribed separately.  Digitized  by  v^OOgie 
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Exposures.  '  .' 

Distance.    Height.    Material.    Class  and  Protection  against  same 
for  North,  East,  South  and  West. 
Common  Hazards. 

1.  Power.    Steam.    Electric.  •  Water.    Gas  or  Gasolene  Engine. 

2.  Heating.  Steam.  Hot  Air.  Electric.  Staves  or  Furnaces. 
Gas. 

3.  Lighting.  Electricity.  Gas.  Oil  Lamps  and  Torches.  Gaso- 
lene or  vapor  Lamps.    Candles. 

4.  Lubricating  Oils,  etc. 
Special  Hazards. 

Follow  order  of  processes,  including'  drying.  Hazards  pf  individ- 
ual tenants.  .' 
Administration.  «  ''  . 
Management,  order,  cleanliness;  disposition  of  refuse,  oily  waste, 
ashes;  smoking,  matches,  spittoons;  shafting;  elevator  drip  pans; 
master,  mechanic's  knowledge;  Assured's  care  and  inspection  of  fire 
appliances.                                                   •          :              . 

Values     And    Insurance 
•  Buildings  Buildings 

Machinery  Machinery 

Average  Stocks    Average  Stocks 

Use  and  Occupancy. 
Rents  ... 

Protection. 

1.  Private  inside  protection  except  Automatic  Sprinklers..  Stand- 
pipe  Equipment  and  Water  Supplies;  Casks,  pails  and  hand  chem- 
icals.   Other  features. 

2.  Alarm  service  (including  watchman's  service,  and  light  he 
uses.    Thermostats,  auxiliary  fire  alartii  boxes): 

3.  Private  Outside  Protection.  Private  Hydrant  System  and 
Water  Supplies.     Private  Brigade.    Open  Sprinkler. 

4.  Public  Protection.  Water  Supply.  Public  Hydrants.  .  Public 
Fire  Department 

5.  Outside  Protection  as  a  Whole. 

Automatic  Sprinkler  Equipment.  .  •:    . 

1.  Name  of  sprinkler.    Type  or  form.    Upright  or  pendant  "Heads. 

2.  Portions  Sprinklered.  By  whom  put  in  and'  When.  Wet  or 
what  Dry  '  System  and  Where.  Water  -  Column.  Dry  all  year. 
What  Air  Pressure.    Type.  •  Location  of  Dry  Valve.  -  Enclosed. 

.3.  Portions  not  Sprinklered.    Portions  cut  off  during,  winter. 
4.  Public  pressure.  5.  Gravity  Tank.  6.  Pressure  Tank 

7.  Pump.  8.  Valves.  -9.  Alarm  Valves  and  Apparatus. 

ID.  Sprinkler  Supervisory  Equipment  11.  Size,  of  Risers. 

12.  Hydrants,  Hose  or  Service  Connections  on  System'  (including 
condition  of  heads;  obstruction  of  valves). 

13.  Equipment  in  general  (including  gertefkl  information  not  pro- 
vided for  in  above  paragraphs). 

Record  of  Fires.  ..'::.:.' 

Improvements  recommended.  V^     '     T 

Improvements  promised.  Digitized  by'LsiOQgiC. 
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INSPECTION  OF  BUILDINGS  BY  FIRE  DEPARTMENTS 

At  the  191 5  arinual  convention,  in  Cincitmati,  Ohio,'  of  the  Inter- 
national Association  of  Firo  Engineers,  which  is  the.  official  name 
of  the  organization  of  firt  chiefs,  there  was  an  akAt  report  by  a 
comniittee,  of  which  Chief  Kenlon  was  chairman,  outlining  the 
scot>e  and  duties  of  a  fire  prevention  bureau  in. our  American  fire 
depsarbrnents.    In  this  report  the  statement . is  made: 

A  careful  review  of  the  different. fire  preventioln' movements^  or- 
ganizations and  bureai;s  effected  to  carry  on  the  actual .  work,  of 
fire  prevention  indicates  that  only  a  very  few  of  these  have  been 
so  organized  and  empowered  that  the  number  of  fires  otdinarily 
originating  from  arson,  fraud  or  carelessness  was  materially  reduced. 

In  the  United  States  and  Canada  we,- have,  in  our  effort  to  save 
property  from  loss  bjr  fire,  directed  our  efforts  mostly  towards  im- 
proving our  fire  fighting  facilities.  The  losses  can  be  kept  down  to 
a  certain  margin  by  increasing  the  efficieticy  and  strength  of  our 
departments,  but  any  additional  strength  beyond  that  is  largely  a^ 
security  against  conflagrations.  Some  of  our  fire  departments  .h^ve 
.  already  reached  or  are  approaching  that  stage  of  development. 
Therefore,  if  we  hope  to  reduce  our  losses  to  the  figiire  at  which 
it  is  reasonable  to  exiiect  they  should  be  kept,  we'  must  turn  our 
attention  to  the  question  of  fire  prevention.  In  the  same  way  that 
the  State  and  municipality  have  directed  their  efforts  to  health  ref- 
lations, which  have  resulted  in  a  lower  death  rate  and  .an  ej^tension 
of  the  average  life  of  man,  so  will  the  State  and  municipality  have 
to  turn  attention  to  fire  prevention  regulations. 

So  far  as  the  municipality  is  concerned,  the  time  is  rapidly  ap- 
p'roaching  when  every  city  and  town  will  \}e  compelled  to  incorr. 
porate  in  its  fire  department,  not  only  the  work  of  fire  extinguish- 
ment but  the  work  of  fire  prevention  also,  particularly  if  it  expects 
to  keep  its  4osses  low. 

It  is  seen  from  the  .above  that  it  is  becoming  generally  recognized 
that  one  of  the  duties  of  a  ^re  department  is  to  have  remedied 
hazardous  conditions  and  to  order  the  introduction  of  protective 
devices,  and  to  do  this  they  must  make  inspection,  judge  of  condi- 
tions and  issue  regulatory  specifications.  In  this  last  they  have 
wisely  adopted  many  of  the  very  excellent  regulations  and  suggested 
ordinances  of  the  National  Board  of  Fire  Underwriters,  and  every 
year  sees  more  and  more  cities  carrying  out  the  underwriters'  recom- 
mendations for  more  stringent  laws  on  common  hazards  and  proper 
construction. 

It  is  to  the  first  two  duties — inspection  and  judging  conditions — 
that  attention  has  to  be  called.  Not  every  one  can  make  an  inspec- 
tion; any  underwriters'  inspection  bureau  can  vouch  for  this,  as  it 
is  only  after  months  of  careful  coaching  and  through  the  use  of 
inspection  blanks  compiled  after  careful  study  that  a  real  good 
inspection  can  be  obtained  from  even  the  best  of  material.  Firemen 
have  not  in  the  past  had  the  .Ifraining,  and  the  time  they  can  put! on 
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it  is  so  limited  by  other  duties  that  it  will  take  even  longer  for  them 
to  become  proficient.  It  is  because  of  this  that  much  of  the  fire  pre- 
vention work  started  will  have  no  material  effect  for  some  years,  as 
it  will  take  this  long  to  have  the  firemen  well  qualified  in  their 
duties  as  inspectors. 

This  lack  of  previous  experience  in  inspection  work,  together 
with  the  fact  that  the  men  and  officers  have  been  so  occupied  in  fire 
fighting  that  they  have  not  had  time  to  master  the  intricacies  of  fire 
ptevention,  also  lessens  their  ability  to  judge  of  the  seriousness  of 
hazards  and  the  best  method  of  eliminating  them,  or  the  proper  fire 
protection  features  to  be  provided. 

In  both  of  these  matters — inspection  and  judgment  of  conditions— 
the  underwriters  have  had  long  years  of  training  and  have  become 
most  expert.  Evidently,  considering  this,  and  that  all  prevention 
work  is  of  most  vital  importance  to  the  fire  underwriters,  it  is  their 
duty  to  assist  the  fire  departments  in  every  way  possible. 

There  have  been  numerous  cases  where  an  underwriters'  in- 
spector has  found  such  "  horrid  "  conditions  that  he  has  felt  it  his 
duty  to  call  the 'fire  chiefs  attention  to  it.,  but  this  is  not  sufficiently 
general.  After  the  Salem  fire,  the  fire  department  and  the  insur- 
ance interest  condemned  each  other  for  the  hazardous  storage  of 
film  scrap,  which  resulted  in  burning  up  millions  of  dollars  in 
property.  The  insurance  interests  blamed  the  fire  department  for 
allowing  this  storage,  in  this  poorly  protected  manner,  and  the  fire 
department  condemned  the  insurance  inspectors  for  not  notifying 
them  of  it  when  the  inspectors  had  found  such  poor  conditions. 

It  is  to  offset  this  that  there  is  a  real  duty  for  the  underwriters. 
With  every  inspection  of  importance,  if  possible,  have  a  fireman 
detailed  along,  to  see  first-hand  the  conditions  found.  In  many 
cases  this  will  not  be  feasible,  either  for  lack  of  firemen  or  for  dis- 
inclination on  the  part  of  the  fire  department  officials.  As  an  alter- 
native, almost  as  good,  file  with  the  fire  department  a  duplicate  of 
the  inspection  blank,  not  only  as  to  the  conditions  found,  which  in 
many  cases  will  be  more  completely  covered  than  any  fnspection  by 
a  fireman,  but  also  as  to  the  changes  necessary. 

These  inspection  blanks  thus  filed  will  be  a  constant  reminder  to 
the  Chief  of  conditions  existing  ind  will  also  enable  him  to  check  up 
the  thoroughness  of  any  individual  inspections  made  by  'members 
of  the  fire  force. 

With  the  advice  of  the  underwriters'  inspector  on  file  as  to  the 
changes  and  improvements  judged  necessary,  the  fire  chief  will  be 
enabled  to  furnish  information  at  any  time  to  an  owner  wishing  to 
make  changes  in  a  plant,  and  even  where  conditiona(ji^f(^mewhat 
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different,  the  precedent  offered  by  some  other  report  may  be  of 
sufficient  value  to  result  in  material  changes.  ' 

In  all  large  cities  there  are  well  organized  underwriters'  inspection 
bureaus,  and  these  should  by  all  means  co-operate  to  the  fullest 
extent  with  the  fire  department  to  remedy  conditions.  It  might  even 
be  possible,  by  ordinance  or  legislative  enactment,  to  make  the  un- 
derwriters' inspector  a  deputy  inspector  of  the  fire  department,  as 
has  been  done  in  some  cases  with  electrical  inspectors,  and  on  the 
Pacific  Coast  with  the  city  Fire  Marshal,  who  is  an  insurance  bureau 
employee.  » 

METRIC  WEIGHTS  AND  MEASURES 
Metric  Weigjbts 

Millipjam  (1/1000  gram)  equals  0.0154  grain 

Centigram  (1/100  gram)  equals  0.1543  grain 

Decigram  (l/lO  gram)  equids  1.5432  grains 


Decagram  (10  grams)  equals  0.3527  otlnce 

Hectx>gram  (lOO  grams)  equals  3.5274  ounces 

Kilogram  (1000  grams)  equals  2.2046  pounds 

Myriagram  (10^000  grams)  equals  221046  pounds 

Quintal  (100,000  grams)  equals  220,46  pounds 

Millier  or  tonnea — ton  (1,000,000  grains)  equals  2,204.6  pounds 

Metric  Dry  Measures 

Milliliter  (1/1000  liter)  equals  0.061  cubic  inch 
Centiliter  (1/100  liter)  equals  0.$102  cubic  inch. 
Deciliter  (1/10  liter)  equals  6.1022  cubic  inches 
Liter  equals  0.908  quart 
Decaliter  (10  lifers)  equals  9.08  quarts 
Hectoliter  (100  liters)  equals  2.838  bushels 
Kilohter  (1000  liters)  equals  l,3g8  cubic  yards 

Metric  Liquid  Measures 

Milhliter  (l^rlOOO  liter)  equals  0.0338  fluid  ounce 

Centiliter  (l^^lOO  liter)  equals  0.338  fluid  ounce 

Deciliter  (lylO  liter)  equals  0.845  gill 

Liter  equals  1.0567  quarts 

Decaliter  (10  liters)  equals  2.6418  gallons 

Hectoliter  (100  liters)i  equals  26.417  gallons 

KiloKter  (1000  liters)  equals  264.18  gallons 

Metric  Measures  of  Lengtli 
Millimeter  (1/1000  meter)  equals  0.0394  inch 
Centimeter  (1/100  meter)  equals  0.3937  inch 
Decimeter  (l/lO  meter)  equals  3.937  inches 
Meter  equals  39.37  inches 
Decameter  (10  meters)  equals  393.7  inches 
Hectometer  (100  meters)  eqvtals  328  feet  1  inch 
Kilometer  (1000  meters)  equals  0.62137  mile  (3,280  feet  10  inches) 
Myriameter  (10,000  meters)  equals  6.2137  miles 

Metric  Surface  Measures 

Centare  (1  square  meter)  equals  1,550  square  inches 
Are  (100  square  meters)  equals  119.6  square  yards 
Hectare  (10,000  square  meters)  equslls  2.471  acres 

WEIGHTS  AND  MEASURES 
Troy  Weight 

24  grains  =  1  pwt.  12  ounces  =  1  pound 

20  pwts.  ==  1  ounce 

Used  for  weighing  gold,  silver  and  jewels 

Apotliecaries*  Weiglit 

20  grains  =  1  scruple  8  drams  =  1  ounce        

3  scruples  =  1  dram  12  ounces  ^  1  pound  >OQlC 

The  ounce  and  pound  in  this  are  the  same  as  in  Troy  weight    o 
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AYolrdttpois  Weight 

27  11/32  grains  =  1  dram  4  quarters  =^  1  cwt. 

16  drams  =  1  ounce  2,000  lbs.  s=  1  short  ton 

16  ounces  =  1  pound  2.240  lbs.  =  1  long  ton 

24  pounds  =  1  quarter 

Dry  Measure 
2  pints  =  1  quart  4  pecks  =  1  bushel 

8  quarts  =  1  peck  37  bushels  =  1  chaldron 

Liquid  Measure 

4  gills  =  1  pint  31  1/2  gallons  =  1  barrel 

2  pinU  =  1  quart  2  barrels  =  1  hogshead 
4  quarts  =s  1  gallon 

Long  Measure 
12  inches  =  1  foot  40  rods  =  1  furlong 

3  feet  =  1  yard    *  8  furlongs  =  1  sta.  mile 
5  1/2  yards  =  1  rod  3  miles  =s:  1  league 

Mariner**  Measure 

6  feet  =  1  fathom  5.280  feet  =  1  stat.  mile 
120  fathoms  =  1  cable  length                     6.085  feet  =s  1  naut.  mile 

7  1/2  cable  lengths  =  1  mile 

Miscellaneous 

3  inches  =  1  palm  18  inches  =  1  cubit 

4  inches  :=  1  hand  21.8  inches  =  1  Bible  cubit 
6  inches  =  1  span  2  1/2  feet  =:  1  military  pace 

Square  Measure  * 

144  square  inches  =  1  square  foot  40  square  rods  =  1  rood 

9  square  feet  =  1  square  yard  4  roods  =  1  acre 

30  1/4  square  yards  :=  1  square  rod         640  acres  =  1  square  mile 

Surveyors*  Measure 

7.92  inches  =  1  link  10  sq.  chains  or  160  sq.  rods  =  1  acre 

25  links  =  1  rod  640  acres  =  1  square  mile 

4  rods  =  1  chain  36  sq.  miles  (6  miles  sq.)  =  1  township 

Cubic  Mdasure 

1,728  cubic  inches  =  1  cubic  foot  1  cubic  foot  =  about  4/5  of  a  bushel 

27  cubic  feet  :=  1  cubic  yard  128  cubic  feet  =  1  cord  (wood) 

2.150.42  cu.  in.  =  1  standard  bushel  40  cubic  feet  =  1  ton  (shipping) 

231  cu.  in.  =  1  standard  gallon 

HORSE  POWER 

A  horse  power  is  the  energy  required  to  raise  33,0004xmnds  one  foot  in  a  minute. 

The  horse  power  of  a  boiler  is  its  capacity  to  evaporate  30  pounds  of  water 
per  hour  at  70  gauge  pressure  (temperature  318.4  deg.)  from  100  deg.  feed  water 
for  every  horse  power. 

The  indicated  horse  power  of  an  engine  is  the  power  developed  by  the  steam 
on  the  piston  without  any  deduction  for  friction. 

The  effective  horse  power  of  an  en^ne  is  the  actual  and  available  horse  power 
delivered  to  the  belt  or  gearing,  and  is  always  less  than  the  indicated. 

The  horse  power  of  an  engine  is 

ax  p  X  v 

33,000 
a — Area  of  piston  in  square  inches. 

p — Means  effective  pressure  of  the  steam  on  the  piston  per  square  inch. 
V — ^Velocity  of  piston  per  minute. 

Rule  to  Ascertain  Horse  Power  of  Compound  Engine 

Multiply  stroke  of  piston  in  feet  by  the  number  of  revolutions  per  minute; 
multiply  Uiis  product  by  the  boiler  pressure  bv  gauge  and  take  the  square  root 
of  this  result,  which  mmtiply  by  the  square  of  the  diameter  of  the  low  pressure 
cylinder.  This  product,  divided  by  8,500,  will  be  the  estimated  horse  power  of 
the  engine. 

An  indicated  horse  power  requires,  in  the  best  condensing  engines,  about  If 
gallons  of  water  evaporated  per  hour. 

An  indicated  horse  power,  in  large  non-condensing  engines,  requires  about  2^ 
gallons  of  water  evaporated  per  hour. 

An  indicated  horse  power,  in  small  non-condensing  engines,  r^uires  frotm  3  to 
10  gallons  of  water  evaporated  per  hour.  Digitized  byCjOOg[e 
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Boiler  HoRSe  Power  (Based  on  SO  Pounds  ofXIater  R£R  Hour) 

6J 


STEAM  BOILER  PROPORTIONS     . 

Proportion  of  grate  and  heating  surface  required  for  a  given  horse  power.  The 
term  horse  power  here  means  capacity  to  evaporate  34.5  lbs.  of  water  from  and 
at  212  degrees  F. 

Average  proportions  for  maximum  economy  for  land  boilers  fired  with  good 
anthracite  coal: 

Heating  surface  per  horse  power 10.0  sq.  ft. 

Grate  surface  per  horse  power 1/3  sq.  ft. 

Ratio  of  heating  to  grate  surface 30.0  sq.  ft. 

Water  evaporated  from  and  at  212  degs.  per  sq.  ft.  H.  S.  per  hour      3      lbs. 

Combustible  burned  per  H.  P.  per  hour 3      lbs. 

Coal  with  1/6  refuse  pounds  per  H.  P.  per  hour 3.6  lbs. 

Combustible  burned  per  sq.  ft.  grate  per  hour 9      lbs. 

Coal  with  1/6  refuse  lbs.  per  sq.  ft.  grate  per  hour 10.8  lbs. 

Water  evaporated  from  and  at  212  degs.  per  lb.  combustible 11.5  lbs. 

Water  evaporated  from  and  at  212  degs.  per  lbs.  coal  (i  refuse) . .       9.6  lbs. 


HORSE  POWER  OF  CYLINDRICAL  FLUE  BOILER 

G  =  Fire  grate  surface  in  square  feet 

H  =  Nominal  horse  power 

S  =  Heating  surface  in  square  yards 

H«  H« 

, —  =  S  —  =  G 

VSG  =  H  G  S 

For  cylindrical  two-flued  boilers  an  approximate  rule  is: 
Length  x  diam. 

•=■  nominal  horse  power. 

6 
To  find  the  weight  of  the  rim  of  the  fiy-wheel  for  an  engine: 
Nominal  H.  P.  x  2000 

=  Weight  in  cwts. 

The  square  of  the  velocity  of  the  circumfer-      ^  ^    ^^  {     c\c\cs\c> 
ence  in  feet  per  second  digitized  by  ^UUg  IL 
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AVERAGE  EVAPORATIVE  POWER  OF  FUELS 

1  pound  of  pure  Carbon  evaporates 12.4    pounds  of  water 

1  pound  of  Hydrogen  evaporates 53 .       pounds  of  water 

1  pound  of  Sulphur  evaporates 3.44  pounds  of  water 

1  pound  of  Oak  wood  evaporates 6.47  pounds  of  water 

1  pound  of  White  Pine  wood  evaporates 7 .65  pounds  of  water 

1  pound  of  Oak  charcoal. evaporates 11.7    pounds  of  water 

1  pound  of  Bituminous  coal  evaporates 12.62  pounds  of  water 

1  pound  of  Anthracite  coal  evaporates 10. 9    pounds  of  water 

1  pound  of  Coke  evaporates 11 .  85  pounds  of  water 

THE  RELATIVE  VOLUME  OF  STEAM  AND  WATER  ARE 

At    15  pounds  to  square  inch 1669  to  1 

At    30  pounds  to  square  inch 881  to  1 

At    60  pounds  to  square  inch 467  to  1 

At  120  pounds  tp  square  inch 249  to  1 


/         COMPARATIVE  TABLE— WEIGHT  AND  GRAVITY 
Liquids  Lighter  than  Water  at  60  de^ees  F. 


Actual 

BUling 

Actual 

Billing 

Degrees- 

Specific 

Weight 

Weight 

Degrees 

Specific 

Weight 

Weight 

Baume 

Gravity 

per 

per 

Baume 

Gravity 

per 

per 

Gallon 

Gallon 

GaUon 

Gallon 

10 

1.0000 

8.32 

43 

.8092 

6.74 

6 

11 

.9929 

8.27 

44 

.8045 

6.70 

6 

t2 

.9859 

8.21 

45 

.8000 

6.66 

6 

.      13 

.9790 

8.16 

46 

.7951 

6.63 

6 

14 

.9722 

8: 10 

47 

.7909 

6.59 

6 

15 

.9655 

8.04 

48 

*   78.65 

6.55 

6 

16 

.9589 

7.99 

49 

.7821 

6.52 

6 

17 

.9523 

7.93 

50 

.7777 

6.48 

6 

18 

.9459 

7.88 

51 

.7734 

6.44 

6 

19 

.9395 

7.83 

52 

.7692 

6.41 

6 

20 

.9333' 

•   7.78 

53 

.7650 

6.37 

6 

21 

.9271 

7.72 

54 

.7608 

6.34 

6 

22 

.9210 

7.67 

55 

.7567 

6.30 

6 

23 

.9150 

7.62 

7f 

56 

.7526 

6.27 

6 

24 

.9090 

7.57 

7* 

57 

.7486 

6.24 

6 

25 

.9032 

7.53 

7* 

58 

.7446 

6.20 

6 

26 

.8974 

7.48 

.  7 

59 

.7407 

6.17 

6 

27 

.8917 

7.43 

7 

60 

.7368 

6.14 

6 

28 

.8860 

7.38 

71 

61 

73.29 

6.11 

6 

29 

.8805 

7.34 

7i 

62 

.7290 

6.07 

6 

30 

.8750 

7.29 

7i 

63 

.7253 

6.04 

6 

31 

.8695 

7.24 

7i 

64 

.7216 

6.01 

6 

32 

.8641 

7.20 

7* 

65 

.7179 

5.98 

6 

33 

.8588 

7.15 

7* 

7* 

66 

.7142 

5.95 

5 

34      ■ 

.8536 

7.11 

67 

.7106 

5.92 

5 

35 

.8484 

7.07 

7 

68 

.7070 

5.89 

5 

36 

.8433 

7.03 

7 

69 

.7035 

5.86 

5 

37 

.8383 

6.98 

7 

70 

.7000 

5.83 

5 

38 

.8333 

6.94 

6 

75 

.6829 

5.69 

5 

39 

.8284 

6.90 

6 

80 

.6666 

5.55 

5 
5 

40 

.8235 

6.86 

6 

85 

.    .6511 

5.42 

41 

.8187 

6.82 

6 

90 

.6363 

5.30 

42 

.8139 

6.78 

6 

95 

.6222 

5.18 

Note. — This  table  of  Baume's  hydrometers  has  been  used  for  many  years  as 
the  basis  for  all  instruments  employed  in  the  petroleum  trade.     It  is  csdculated 

140 
for  a  temperature  of  60°  Fahr.  and  is  based  on  the  formulae: =  Specific 


gravity  and  ■ 


140 


—  130  =  Bo. 


B«  +  130 
This  table  has  the  official  sanction 


bpecilic  gravity  .  .  , 

of  the  National  Bureau  of  Standards,  Washington,  D-  J^ed  by  VjOOQ IC 
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COMPARATIVE  TABLE— WEIGHT  AND  GRAVITY 
Liquids  Heavier  than  Water  at  60  Degrees  F. 


Specific 

Pounds 

Specific 

Pounds 

Baume 

Gravity 

in  Gallon 

Baume 

Gravity 

in  Gallon 

1 

1.0069 

8.38 

36 

1.3302 

11.09 

2 

1.0139 

8.46 

37 

1.3425 

11.18 

3 

1.0211 

8.51 

38 

1.3551 

11.29 

4 

1.0283 

8.56 

39 

1.3679 

11.39 

5 

1.0357 

8.63 

40 

1.3809 

11.51 

6 

1.0431 

8.69 

41 

1.3942 

11.61 

7 

1.0607 

8.75 

42 

1.4077 

11.72 

8 

1.0583 

8.81 

43 

1.4215 

11.34 

9 

1.0661 

8.88 

44 

1.4356 

11.96 

10 

1.0740 

V    8.94 

45 

1.4500 

12.08 

11 

1.0820 

9.01 

46 

1.4646 

12.21 

12 

1.0902 

9.09 

47 

1.4795 

12.33 

13 

1.0984 

9.15 

48 

1.4949 

12.46 

14 

1.1068 

9.21 

49 

1.5104 

12.58 

15 

1.1153 

9.29 

50 

1.5263 

12.72 

16 

1 . 1240 

9.36 

51 

1.5425 

12.85 

-      17 

1.1328 

9.43 

52 

1.5591 

12.99 

18 

1.1417 

9.51 

53 

1.5760 

13.13 

19 

1.1507 

9.59 

54 

1.5934 

13.27 

20 

1.1600 

9.67 

55 

1.6111 

13.42 

21 

1.1693 

9.74 

56 

1.6292 

13.57 

22 

1.1788 

9.81 

57 

1.6477 

13.72 

23 

1.1885 

9.90 

58 

1.6666 

13.87 

24 

1.1983 

9.99 

59 

1.6860 

14.04 

25 

1.2083 

10.07 

60 

1.7056 

14.20 

26 

1.2184 

10.16 

61 

1.7261 

14.38 

27 

1.2288 

10.24 

62 

1.7469 

14.55 

28 

1.2393 

10.32 

63 

1.7682 

14.72 

29 

1.2500 

10.41 

64 

1.7901 

14.91 

30 

1.2608 

10.51 

65 

1.8125 

15.10 

31 

1.2719 

10.59 

66 

1.8354 

15.29 

32 

1.2831 

10.69 

67 

1.8589 

15.48 

33 

1.2946 

10.78 

68 

1.8831 

15.68 

34 

1.3063 

10.84 

69 

1.9079 

15.89 

35 

1.3181 

10.98 

70 

1.9333 

16.10 

Note. — This  table  of  Baume's  hydrometer  was  adopted  in  1903  as  the  basis 
for  all  instruments  employed  in  the  manufacture  of  acids  and  alkalies  by  the 
Manufacturing  Chemists'  Association  of  the  United  States.  It  has  the  official 
sanction  of  the  National  Bureau  of  Standards,  Washington,  D.  C. 

It  is  calculated  for  a  temperature  6f  60  degrees  Fahr.  and  is  based  upon  the 
145                                  ^'             !                      145 
formulae:    — =  Sjiecific  gravity  and  145 =  B® 


B°  +  145 


Specific  gravity 
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COMPARATIVE  TABLE— WIRE  AND  SHEET  METAL  GAUGES 


Eo« 

American  or 

Brown  and 

Sharpe  Gauge 

•g  &• 

"  *S  «*  " 

'British  tfti^erial 

1   U.S.  Standard 
Gauge  for  Sheet 
and  Plate  Iron 
and  Steel,  1893 

o 

go 

ifi 

n 

1 

Standard 
'  Wire  Gauge 

(Legal  Standard 

in  Great  Britain 

since 

It 

March  1.  1884) 

inch 

inch 

inch 

inch 

inch 

millim. 

inch 

0000000 

.49 

,500 

12.7 

.5 

7/0 

000000 

.46 

.464 

11.78 

.469 

6/0 

ooooo 

.43 

.432 

10.97 

.438 

5/0 

0000 

.454 

.46 

.393 

.4 

10. 1€ 

.406 

4/0 

ooo 

.425 

.40964 

.362 

.372 

9.45 

.375 

3/0 

00 

.38 

.3648 

.331 

.348 

8.84 

.344 

2/0 

0 

.34 

.32486 

.307 

.324 

8.23 

.313 

0 

1 

.3 

.2893 

.283 

.227 

.3 

7.62 

.281 

1 

2 

.284 

.25763 

.263 

■219 

.276 

7.01 

.266 

2 

s 

.259 

.22942 

.244 

.212 

.252 

6.4 

.25 

3 

.  4 

.238 

.20431 

.225 

.207 

.232 

5.89 

.234 

4 

5 

.22 

.18194 

.207 

.204 

.212 

5.38 

.219 

5 

6 

.203 

.16202 

.192 

.201 

.192 

4.88 

.203 

6 

7 

.18 

.14428 

.177 

.199 

.176 

4.47 

.188 

7 

8 

.165 

.12849 

.162 

.197 

.16 

4.06 

.172 

8 

9 

.148 

.11424 

.148 

.194 

.144 

3.66 

.156 

9 

10 

.134 

.10189 

.135 

.191 

.128 

3.25 

.141 

10 

11 

.12 

.09074 

.12 

.1,88 

.116 

2.95 

.125 

11 

12 

.109 

.08081 

.105 

.185 

.104 

2.64 

.109 

12 

13 

.095 

.07196 

.092 

.182 

.092 

2.34 

.094 

13 

14 

.033 

.06403 

.08 

.180 

.08 

2.03 

.078 

14 

15 

.072 

.05707 

.072 

.178 

.072 

1.83 

.07 

15 

16 

.053 

.05082 

.063 

.175 

.064 

1.63 

.0625 

16 

17 

.058 

.04526 

.054 

.172 

.056 

1.42 

.0563 

17 

18 

.049 

.0403 

.047 

.168 

.048 

1.22 

.05 

18 

19 

.042 
.035 

.03589 

.041 

.164 

.04 

1.02 

.0438 

19 

20 

.03196 

.035 

.161 

.036 

.91 

.0375 

20 

21 

.032 

.02846 

.032 

.157 

.032 

.81 

.0344 

21 

22 

.028 

.02535 

.028 

.155 

.028 

.71 

.0313 

22 

23 

.025 

.02257 

.025 

.153 

.024 

.61 

.0281 

23 

.  24 

.022 

.0201 

.023 

.151 

■  .022 

.56 

.025 

24 

25 

.02 

.0179 

.02 

.148 

.02 

.51 

.0219 

25 

26 

.018 

.01594 

.018 

.146 

.018 

.46 

.0183 

26 

27 

.016 

.01419 

.017 

.143 

.0164 

.42 

.0172 

27 

28 

.014 

.01264 

.016. 

.139 

.  .0148 

.38 

.0156 

28 

29 

.013 

.01126 

.015 

.134 

.0136 

«  .35 

.0141 

29 

30 

.012 

.01002 

.014 

.127 

.0124 

.31 

.0125 

30 

31 

.01 

..00893 

.013 

.120 

, .0116 

.29 

.01,09 

31 

32 

.009 

.00795 

.013 

■m 

.0108 

.27 

s 

32 

33 

.008 

.00708 

.011 

.01 

.25 

33 

34 

.007 

.0063 

.01 

.110 

.0092 

.23 

34 

35 

.005 

.00561 

.00 

:\^- 

,0084 

.21 

007^ 

35 

36 

.004 

.005 

.009 

.0076 

.19 

36 

37 

.00445 

.0085 

.103 

.0068. 

.17 

.0066 

37 

38 

.00396 

.008 

.101 

.006 

.15 

.0063 

38 

39 

.00353 

.0075 

.099 

.0052 

.13 

39 

40 

.00314 

.007 

.097 

.0048 

.12 

40 
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TABLE  FOR  CONVERTING  PRESSURE  IN  FEET  HEAD  OF 
WATER  INTO  POUNDS  PER  SQUARE  INCH 


Feet 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 


4.33 

8.66 

12.99 

17.32 

21.65 

25.99 

30.32 

34.65 

38.98 

43.31 

47.64 

51.97 

56.30 

60.63 

64.96 

69.29 

73.63 

77.961 

82.29 

86.62 

90.95 

95.28 

99.61 

103.94 

108.27 

112.60 

116.93 

121.27 

125.60 

129.93 

134.26 

138.51 

142.89 

147.22 

151.58 


4 

9 

13 

17 

22 

26 

30 

35 

39 

43 

48 

52 

56 

61 

65 

69 

74 

78 

82 

87 

91 

95 

100 

104 

108 

113 

117 

121 

126 

130 

134 

138 

143 

147 

152 


5. 
9 

14. 
18. 
22 
27. 
31, 
35 
40 
44 
48 
53 
57 
61 
66 
70 
74 
79 
83 
87 
92 
96 
100 
105 
109 
113 
118 
122 
126 
131 
135 
139 
144 
148 
152 


6 
10 
14 
19 
23 
27 
32 
36 
40 
45 
49 
53 
58 
62 
66 
71 
75 
79 
84 
88 
92 
97 
101 
105 
110 
114 
118 
123 
127 
131 
136 
140 
144 
148 
153 


6. 

10. 

15. 

19. 

23. 

28. 

32. 

36. 

41. 

45. 

49. 

54. 

58. 

62. 

67. 

71. 

75. 

80. 

84. 

88. 

93. 

97. 
101. 
106, 
110 
114. 
119, 
123, 
127, 
132 
136; 
140, 
145 
149 
153 


50  6. 
83  11. 
161  15, 

49  19, 
82|  24 
15  28, 


32 
37 
41 
45 
50 
54 
58 
63 
67 
71 
76 
80 
84 
89 
93 
97 
102 
106 
110 
115 
119 
123 
128 
132 
136 
141 
145 
149 
154 


7. 

11. 

16. 

20. 

24. 

29. 

33. 

37. 

42. 

46. 

50. 

55. 

59. 

63. 

68. 

72. 

76. 

80, 

85 

89, 

93 

98 
102 
106 
111 
115 
119 
124 
128 
132 
137 
141 
146 
150 
154 


7. 
12 
16. 
20 
25. 
29. 
33. 
38. 
42. 
46. 
51. 
55. 
59 
64 
68 
72 
77 
81 
85 
90 
94 
98 
103 
107 
111 
116 
120 
124 
129 
133 
137 
142 
146 
150 
155 


8.23 
12.56 
16.  q9 
21.22 
25.55 
29.88 
34.21 
38.58 
42.88 
47.21 
51.54 
55.87 
60.20 
64.53 
68.86 
73.19 
77.52 
81.85 
86.19 
90.52 
94.85 
99.18 
103.51 
107.84 
112.17 
116.50 
120.83 
125.16 
129.49 
133.82 
138.08 
142.48 
146.78 
151.12 
155.49 


TABLE  OF  HORSE  POWERS  REQUIRED  TO  PUMP  ONE  MILLION 
GALLONS  OF  WATER  FROM  10  TO  209  POUNDS 


Pounds 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10' 

4.05 

4.46 

4.86 

5.27 

5.67 

6.08 

6.48 

6.89 

7.30 

7.70 

20 

8.1 

8.5 

8.9 

9.3 

9.7 

10.1 

10.5 

10.9 

11.3 

11.7 

30 

12.1 

12.5 

13.0 

13.4 

13.8 

14.2 

14.6 

15.0 

15.4 

15.8 

40 

16.2 

16.6 

17.0 

17.4 

17.8 

18.2 

18.6 

19.0 

19.4 

19.8 

50 

20.3 

20.7 

21.1 

21.5 

21.9 

22.3 

22.7 

23.1 

23.5 

23.9 

60 

24.3 

24.7 

25.1 

25.5 

25.9 

26.3 

26.7 

27.1 

27.6 

28.0 

70 

28.4 

28.8 

29.2 

29.6 

30.0 

30.4 

30.8 

31.2 

31.6 

32.0 

80 

32.4 

32.8 

33.2 

33.6 

34.0 

34.4 

34.8 

35.3 

35.7 

36.1 

90 

36.5 

36.9 

37.3 

37.7 

38.1 

38.5 

38.9 

39.3 

39.7 

40.1 

100 

40.5 

40.9 

41.3 

41.7 

42.1 

42.6 

43.0 

43.4 

43.8 

44.2 

110 

44.6 

45.0 

45.4 

45.8 

46.2 

46.6 

47.0 

47.4 

47.8 

48.2 

120 

48.6 

49.0 

49.4 

49.8 

50.3 

50.7 

51.1 

51.5 

51.9 

52.3 

130 

52.7 

53.1 

53.5 

53.9 

54.3 

54.7 

55.1 

55.5 

55.9 

56.3 

140 

56.7 

57.1 

57.5 

58.0 

58.4 

58.8 

59.2 

59.6 

60.0 

60.4 

150 

60.8 

61.2 

61.6 

62.0 

62.4 

62.8 

63.2 

63.6 

64.0 

64.4 

160 

64.8 

65.3 

65.7 

66.1 

66.5 

66.8 

67.3 

67.7 

68.1 

68.5 

170 

68.9 

69.3 

69.7 

70.1 

70.5 

70.9 

71.3 

71.7 

72.1 

72.6 

180 

73.0 

73.4 

73.8 

74.2 

74.6 

75.0 

75.4 

75.8 

76.2 

76.6 

190 

77.0 

77J4 

77.8 

78.2 

78.6 

79.0 

79.4 

79.8 

80.3 

80.7 

200 

81.1 

81.5 

81.9 

82.3 

82.7 

83.1 

83.5 

83.9 

84.3 

84.7 
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APPENDIX 

A^CETYLENE  APPARATUS 

At  the  meeting  of  the  National  Fire  Prevention  Association  in 
May,  1916,  a  revision  of  the  regulations  covering  the  above  was 
submitted;  to  a  large  extent  it  was  a  rewording  of  the  rules  given 
hereni  on  pages  187  to  190  inclusive.  The  principal  changes  were 
a  recommendation  that  the  carbide  be  kept  in  the  generator  house 
and  that  rating  of  generators  be  on  capacity  of  carbide  and  rate 
of  generation  in  cubic  feet  of  gas,  rather  than  on  the  basis  of  num- 
ber of  lights,  as  heretofore,  and  a  9-hour  lighting  period  is  called  for. 

The   following  introductory  is   inserted: 

General  Precautions 

Failure    to    observe    the    following    precautions    and    specifications    will    en- 
danger  life   as   well   as  property. 
I.  Characteristics   of    Acetylene 

(a)  Acetylene  becomes  an  explosive  compound  under  certain  conditions 
and   must   be   handled    with   care. 

(b)  Mixtures  of  acetylene  and  air  very  explosive  and  must  be  carefully 
guarded   against. 

(c)  Under  no  conditions  must  acetylene  be  subjected  to  more  than  15 
pounds  pressure  unless  it  is  dissolved  in  acetone  or  other  approved  solvent 
and  contained  in  a  cylinder  of  the  type  described  in   Class  E. 

Self-compression  generators  which  develop  pressures  above  15  pounds  to 
the   square   inch   are   absolutely   prohibited. 

(d)  The  use  of  liquid  acetylene,  or  gas  generated  therefrom  is  absolutely 
prohibited. 

(e)  Tests  of  generators  or  piping  for  leaks  must  not  be  made  with  a 
flame,  and  a  flame  must  never  be  applied  to  an  outlet  from  which  the 
burner  has  been  removed.  Tests  for  feaks  should  be  made  with  soap  and 
water. 

(f)  Soldering  Irons  should  not  be  used  on  acetylene  generators  until  it 
is  certain  that  all  gas  has  been  removed.  Soldering  irons  should  never  be 
used   on   acetylene   cylinders   under   any   conditions. 

In  determining  the  size  of  generators,  each  pound  of  carbide  in 
the  charge  is  assumed  as  capable  of  producing  45^  cubic  feet  of 
gas,^  and  an  allowance  of  not  more  than  y^  cubic  foot  per  hour 
per  pound  of  carbide  in  the  charge  may  be  made.  The  suggested 
regulations  omit  the  requirements  on  pipe  sizes  for  the  house  piping, 
but  this  is  being  worked  up  in  conjunction  with  the  U.  S.  Bureau 
of  Standards  as  Part  4  of  a  National  Safety  Code  and  will  be 
included  later. 

In  addition  to  the  regulations  for  Classes  A,  B  and  C,  regula- 
tions were  also  compiled  for  Classes  D  and  E;  these  are  as  follows: 

^.^  Digitized  by LjOOQIC 
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Class  D — Stationary  Automatic  Generators  Permitted  for  Out- 
side Installation 

1.  Size  and   Style  op   Generator 

(a)  The  capacity  of'  any  generator  of  the  automatic  type  shall  be  suf- 
ficient to  furnish  acetylene  continuously  for  the  maximum  lighting  period 
to  all  lights  installed.  A  lighting  period  of  at  least  nine  hours  shall  be 
provided  for  in  every  case  and  for  conditions  of  service  requiring  lighting 
l^eriods  of  more  than  nine  hours  shall  be  of  sufficient  capacity  to  avoid  re- 
charging by  artificial  light.  In  determining  the  size  of  generator  required 
each  pound  of  carbide  in  the  charge  may  be  estimated  as  capable  of  pro- 
ducing   four    and   one-half   cubic  .  feet   of   gas. 

(b)  In  selecting  a  generator,  an  allowance  of  not  more  than  one-half 
cubic  foot  of  acetylene  per  hour  shall  be  made  for  each  pound  of  carbide 
in    the    rated    charge. 

(c)  A  small  generator  shall  never  be  installed  to  supply  a  large  number 
of  lights,  even  though  it  seems  probable  that  only  a  few  light;^  will  be  used 
at    a   time. 

(d)  Burners  are  usually  marked  to  indicate  the  cubic  feet  of  acetylene 
which    they    consume    per    hour. 

2.  Makers   Instructions   to   be   Followed 

(a)  When  installing  generators,  the  instruction  card  furnished  by  the 
maker   should   be   carefully    read   and   its   directions    followed   in   every   detail. 

(b)  Approved  warning  and  instruction  cards  provided  by  the  maker  should 
be  posted  in  a  well  lighted  position  near  the  generator  so  that  the  operator 
may  consult  them  conveniently  from  time  to  time. 

3.  Location 

Generators  of  this  class  when  installed  in  accordance  with  Rule  2,  are 
to  be  installed  30  feet  from  buildings  where  possible  but  never  less  than 
10   feet   removed   and   so   as   not  to-  expose   openings   into   buildings. 

4.  Accessibility    to    Unauthorized    Persons 
Generators    shall    be    kept    under    lock    and    key. 

5.  Protection    Against    Freezing 

Generators  must  be  protected  against  freezing.  No  salt  or  other  corrosive 
chemical   is   permissible   as   a  protection   against    freezing. 

6.  Water    Supply    Connection 

Water  must  not  be  supplied  through  a  continuous  connection  leading  into 
the  generator.  In  cases  where  generators  are  supplied  with  water  from 
city  water  mains  or  house  pipes,  no  direct  pipe  connection  with  the  gen- 
erator is  permitted.  The  supply  pipe  must  terminate  some  distance  above 
the  regularly  provided  opening  for  filling  so  that  the  water  can  be  observed 
as  it  enters  the  generator. 

7.  Drain  Connection 

Machines  of  the  carbide-feed  type  must  not  be  fitted  with  continuous 
drain  connections  leading  to  sewers,  but  must  discharge  into  suitable  open 
receptacles    which    may    have    such    connections. 

8.  Care   of    Generators 

(a)  In  the  care  of  generators,  always  clean  and  recharge  the  generating 
chambers  at  regular  intervals  regardless  of  the  number  of  burners  actually 
used.      This   work   should   be   done    at   a   regular   time,   during   daylight    hours 

(b)  Where    generators    are    not    used    throughout    tliibzetAfffeiQ^igL^lways 
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first    remove    all   carbide    and   then    drain    and   clean    thoroughly   at    the   end 
of  the  season '  in  which  they  are  in  service. 

(c)  In  order  to  remove  all  gas  from  the  machine,  it  is  generally  neces- 
sary to  take  out  the  bell  portion  and  invert  it  so  that  the  gas  can  readily 
escape.  This  should  never  be  done  in  the  presence  of  artificial  light  or  fire 
of    any    kind. 

(d)  Whenever  repairs  are  to  be  made  or  the  generator  is  to  be  charged 
or  carbide  is  to  be  removed,  the  water  chamber  should  be  full  during  this 
operation  to  avoid  the  danger  of  explosive  mixture  of  air  and  gas  within 
the  water  space  and  also  to  prevent  the  dropping  of  fresh  carbide  into 
sufficient    water. 

9.  Recharging  Generators 

(a)  The  carbide  added  each  time  the  generator  is  recharged  should  be 
sufficient  to  completely  fill  the  space  provided  for  carbide  without  packing 
or  ramming  the  charge. 

(b)  When  recharging  carbide- feed  generators,  observe  t^ie  following  order 
of  operations  strictly:  first,  clean  out  generating  chamber;  second,  imme- 
diately fill  with  clean  water;  third,  fill  hopper  with  carbide.  Never  attempt 
to  introduce  carbide  until  after  generating  chamber  is  coihpletely  filled  with 
water.  Be  careful  not  to  place  in  the  generators  less  than  one  gallon  of 
water  for  each  pound  of  the  carbide  capacity  and  not  to  bring  the  water 
above  the   point  marked   on  the   machine  as  the  proper  level. 

(c)  whenever  any  fresh  carbide  is  added  to  the  supply  in  a  carbide-feed 
generator,  this  must  be  done  only  after  the  water  supply  has  been  com- 
pletely replenished  in  accordance  with  paragraph  b  above.  This  precaution 
is  necessary  to  avoid  otherheating  during  generation  and  accumulation  of 
a  heavy  deposit  of  residuum  in  the  generating  chamber. 

(d)  In  the  type  of  generators  where  the  hopper  is  lifted  out  for  recharging, 
care  should  be  taken  ,that  the  hopper  is  set  in  a  dry  place,  not  on  damp 
ground  or  snow  which  would  cause  slacking  of  the  carbide  around  the 
feeding  mechanism. 

10.  Manipulation   by   Daylight  Required 

All  charging  and  cleaning  of  apparatus  and  execution  of  repairs  shall 
be    done   during   daylight   hours   and   by   natural    light   only. 

Never  use  a  lighted  match,  lamp,  candle,  lantern  or  any  other  flame  near 
the   generator. 

11.  Piping 

(a)  Rules  for  house  piping  are  to  be  the  same  as  those  for  Standard 
Automatic    Generators    for    Inside    Installation. 

(b)  Outside  piping  connecting  generator  with  buildings  shall  be  sharply 
graded  to  the  lowest  point  outside  of  buildings  and  where  condensation  is 
not  provided  for  by  the  piping  draining  into  the  generator,  a  drip  shall 
be  provided  at  such  lowest  point  to  take  care  of  condensation.  This  drip 
must  be  so  constructed  as  to  permit  draining  or  pumping  out  the  condensa- 
tion  at   necessary   intei^als. 

(c)  All  underground  piping  *  to  be  galvanized  and  exposed  threads  covered 
with    a   non-corrosive   covering. 

(d)  Underground  piping  shall  be  of .  an  even  slope  from  any  direction  to 
the  low  point.  Substantial  block  supports  should  be  put  under  the  piping 
at   intervals  especially   at   the  joints. 

(e)  Gas  cock  should  be  provided  inside  of  all  buildings  where  it  can  be 
conveniently  reached  near  the  point  of  entrance  so  as  to  permit  shutting  of 
gas  supply   from  any   building.  Digitized  by  VjOOg IC 
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Class  £ — Dissolved  Acetylene  Under  Pressure  for  Use  in 
Lighting   Systems 
z.  Cylinders 

Cylinders  accepted  for  transportation  in  Interstate  Commerce  and  bearing 
labels  to  the  effect  that  they  comply  with  Interstate  Commerce  Commission 
regulations  or  bearing  test  marks  as  prescribed  in  paragraph  14  of  Interstate 
Commerce  Commission  shipping  container  specifications  No.  8,  effective  Octo- 
ber ist»  1 9 14,  shall  be  considered  suitable  for  employment  in  ,any  acetylene 
lighting  installation. 

2.  Installation 

a.  Cylinders  shall  be  installed  on  outside  of  any  building  or  in  well 
ventilated  compartments  of  vessels. 

b.  Where  installed  for  house  lighting  must  be  protected  against  mechanical 
injury  or  tampering  by  suitable  ventilated  box  of  durable  construction  arranged 
to  be  kept  locked. 

c.  Cylinders  shQuld  be  connected  to  the  permanent  house  or  vessel  piping 
with  extra   heavy  steel  tubing  or  pipe. 

d.  Between  cylinders  land  low  pressure  piping  there  shall  be  installed  a 
pressure  gauge  to  serve  as  an  indicator  of  pressure  in  the  cylinder  or 
cylinders  provided  such  gauge  is  not  a  permanent  part  pi  cylinder,  and  an 
automatic  pressure  regulator  designed  to  reduce  the  high  pressure  of  the 
cylinders  to   the   low  pressure  employed   in  the  lighting  systems. 

On  the  low  pressure  side  of  the  automatic  pressure  regulator  shall  be 
installed  an  approved  type  of  mechanical  or  mercury  pressure  relief  arranged 
to  release  pressure  from  cylinders  in  the  event  of  derangement  of  pressure 
reducing  mechanism  which  would  otherwise  allow  the  accumulation  of  high 
pressure    from   cylinders   to   enter,  the   low   pressure   system. 

Such  pressure  release  is  of  mercury  to  be  of  self-restoring  type  releasing 
direct  to  outside  and  to  be  simple  in  design  and  construction. 

3.  Piping 

Permanent  piping  in  houses  or  on  vessels  to  be  of  standard  iron  pipe  or 
of  seamless  brass  tubing,  such  tubing  to  be  of  not  less  than  one-fourth  inch 
outside  dimension,  having  sufficient  internal  diameter  to  insure  adequate 
supply  of  gas  within  the  working  range  of  the  low  pressure  of  5  lbs.  per  square 
inch   maximum   in   the   system.  • 

Seamless  brass  tubing  to  withstand  a  test  pressure  of  500  lbs.  per  square 
inch  and  to  be  installed  as  per  item  530  and  notes  to  same  (from  rules — 
oroDosed — for  installation  and  use  of  Class  C,  semi-portable  automatic 
apparatus) . 

Seamless  brass  tubing  to  be  made  up  with  connections  of  the  compression 
coupling  type  (these  being  in  our  opinion  far  superior  to  soldered  joints  or 
flared   union   couplings). 

1916   REPORT   OF   NATIONAL   FIRE   PROTECTION 

ASSOCIATION  COMMITTEE  ON  AUTOMATIC 

SPRINKLERS 

Dry  Pipe  Sprinkler  Systems  in  Refrigeration  Rooms 

Ice  formations  of  such  a  character  as  to  seriously  impair  the 
automatic  sprinkler  protection  have  been  reported  in  a  number  of 
cold  storage  warehouses,  following  detailed  examinations  of  the 
piping  by  several  inspection  departments. 

Your  committee  was  requested  to  consider  this  subject,  recom- 
mend a  uniform  method  for  conducting  furthejrizdte^tip'and  solicit 
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co-operation  of  the  various  inspection  departments,  with  a  view 
to  ascertaining  if  these  formations  may  be  expected  generally  in 
properties  of  the  class,  and  if  so,  if  adequate  preventive  meas- 
ures have  been  or  can  be  devised.  A  uniform  blank  has,  there- 
fore, been  distributed  by  the  committee  among  such  of  the  active 
members  as  it  should  interest  and  the  promise  of  co-operation  has 
been  very  satisfactory.  As,  however,  the  blank  was  not  issued 
until  after  the  first  of  the  year,  there  has  not  been  sufficient  time 
to  furnish  the  required  information  for  any  extended  committee 
report  at  this  time. 

Technically,  there  is  danger  of  such  ice  formation  from  the 
presence  alone  of  the  priming  water  of  the  dry  pipe  valve,  ignor- 
ing entirely  any  moisture  that  may  enter  the*  system  through  the 
air  compressor  or  by  other  means.  Until  there  is  opportunity, 
however,  to  secure  details  from  the  further  examinations,  and  to 
enquire  particularly  into  remedial  measures  which  have  already 
been  adopted  and  said  to  be  effective,  or  that  have  been  proposed, 
your  committee  would  prefer  not  to  recommend  any  action  through 
the  sprinkler  regulations.  Permission  is,  therefore,  requested  to 
continue  the  matter  further,  and  the  co-operation  of  anyone  inter- 
ested in  this  particular  subject  is  earnestly  solicited. 

Among  the  various  measures  that  have  already  been  adopted 
or  recommended  are:  Calcium  chloride  reservoir  in  the  discharge 
line  from  the  air  compressor,  ammonia  cooled  dessicator  or  freezer, 
oil  seal  on  priming  water  of  dry  pipe  valve,  calcium  chloride  reservoir 
in  the  main  riser  above  the  dry  pipe  valve,  separator  in  the  dis- 
charge line  from  the  air  compressor,  air  suction  from  freezer 
room,  by-passes  in  the  sprinkler  lines  in  which  the  ice  crystals 
may  build  up  leaving  the  sprinkler  pipes  free,  greater  pitch  to  the 
sprinkler  piping  and  use  of  a  greater  number  of  flanged  connec- 
tions, maintaining  at  least  one  foot  air  space  where  possible  between 
the  sprinkler  piping  and  the  refrigeration  coils  or  insulation  of 
piping  where  in  contact  with  or  in  close  proximity  to  such  coils, 
rearranging  present  methods  of  air  connections,  connection  of  anti- 
columning  pipe  where  used  to  be  within  the  warm  dry  pipe  valve 
enclosure,  where  feasible  sprinkler  piping  for  freezer  sections  to 
be  kept  entirely  separate  from  the  sprinkler  piping  in  the  rest 
of  the  property. 

In  this  connection,  your  committee  would  point  out  that  any 
pre-drying  arrangement  is  ineffective  if. the  air  connection  enters 
the  system  in  such  a  manner  that  the  air  will  pass  through  the 
priming  water,  or  any  drainage  that  may  lie  on  top  of  the  priming 
water,  as  is  extremely  likely  to  be  the  case  in  the  method  adopted 
for  air  connection  with  some  types  of  dry  pipe  valves.  Par- 
ticular attention  is  called  to  rule  54  of  the  sprinkler  regulations 
in  this  respect,  which  states  that  the  air  connection  should  enter 
the  system  in  the  main  riser  above  the  dry  pipe  valve. 

Method  of  Conducting  the  Tests 

First  to  remove  pipes  where  crossing,  closest  to,  or  in  contact 
with  refrigeration  coils,  or  where  pipes  are  encased  in  ice;  to 
remove  any  other  piping  deemed  necessary. 

To  lower  weight  down  riser  pipes  to  see  if  clear. 

Give  approximate  thickness  of  ice  formed  inside  pipe  as  well 
as  diameter  of  pipe.     State  whether  ice  appears  snowy  or  hard. 
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On  ground  plans  mark  with  solid  lines  any  sprinkler  pipes  or 
heads  found  completely  out  of  service  from  frost;  and  mark  with 
broken  lines  any  partly  out  of  service  and  note  percentage  of 
system  out  of  commission. 

Take  photographs  of  any  interesting  conditions  where  possible, 
and  illustrate  by  drawings  such  conditions  where  photos  cannot 
be  taken.  Group  illustrations  with  the  subject  matter  they  depict, 
and  not  separately. 

Take  temperatures  of  water   supplies. 

Take  temperature  of  air  where  it  enters  the  system. 

Object  of  Tests 

To  ascertain  if  ilng  ice  formation  is  a  necessary  result   from 
present   methods    of    installation. 
If  so,  the  cause: 

(a)  From  moisture  pumped  into  system. 

(b)  Evaporation  of  priming  water. 

If  system  has  been  properly  maintained,  the  precautions  taken; 
or  any  suggested  remedy. 

Cubical  Contents  of  a  Sprinkler  System 

To  ascertain  this  accurately,  it  will  be  necessary  to  measure  up 
each  system.  Capacities  of  pipes  in  one  foot  lengths  are  as 
follows : 


Diameter 

in 

inches 

Cubic  feet 

U.S. 

gallons, 

231  cu.ins. 

Diameter 

in 

inches 

Cubic  feet 

U.  S. 

gallons, 

231  cu.  ins. 

1*:::::::::: 

.0031 
.0055 
.0085 
.0123 
.0218 
.6341 
.0491 

.0230 
.0408 
.0638 
.0918 
.1632 
.2550 
.3672 

3* 

.0668 
.0873 
.1364 
.1963 
.3491 
.5454 
.7854 

.4998 

4  :::..:::: 

.6528 

U:::::::::: 

5 

1.020 

6 

1.469 

2  :::::::::: 

8 

2.611 

2*.., 

10 

4.08 

3  ::.::::::: 

12 

5.875 

The  approximate  capacity  can  be  obtained  by  allowing  about  one 
gallon  per  sprinkler.  This  includes  riser  and  all  distribution  pipes 
within  the  risk,  but  does  not  include  any  long  runs  from  the 
dry  pipe  valve  to  the  system.  This  figure  (one  gallon  per  head) 
applies  specially  to  systems  piped  from  center  with  75  to  115  heads 
on  each  floor.  If  system  of  115  heads  is  fed  from  end  instead 
of  center,  contents  will  be  about  1%  gallons  per  head.  For  large 
systems,  with  6  inch  riser  and  about  250  heads  per  floor,  contents, 
if  riser  in  center,  will  be  about  iJ4  gallons  per  head,  and  if  riser 
is  at  one  end,  will  be  i^  gallons  per  head. 

Note. — If  the  run  of  pipe  from  the  dry  pipe  valve  to  the  system 
is  in  excess  of  12  feet,  add  the  capacity  of  this  excess  (by  above 
table)  to  the  figures  and  divide  the  total  by  7.48  (the  number  of 
gallons  in  one  cubic  foot),  which  will  g^ive  the  number  of  cubic 
feet  in  the  system. 

Example. — 400  sprinklers  =  400  gallons;  62  ft.  of  5-inch  pipe 
from  dry  pipe  valve  to  the  system  (50  ft.  in  excess  of  12  ft.) 
adds  50  gallons,  making  a  total  of  450  gallons,  which  divided  by 
7u|8  gives  60.294  cubic  feet.  Digitized  by  vjOOglC 
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Amount  of  Moisture  Pumped  into  System 

This  will  depend  on  the  humidity  of  the  atmosphere,  the  tight- 
ness of  the  system  (frequency  of  pumping),  if  there  is  any  drying 
arrangement — such  as  a  calcium  chloride  reservoir — and  the  pounds 
pressure  raised.  The  following  table  illustrates  the  amount  of 
moisture   at  different  temperatures: 

Table  Showing  the  Weight  in  Grains  of  the  Water  Contained 
AS  Vapour  in  i  Cubic  Foot  of  Asr  at  Different  Tem- 
peratures  AND   Percentage   Humidity 


Per  Cent  Humidity 


Temp. 

op 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100% 

—20 

.017 

.033 

.050 

.066 

.083 

.100 

.116 

.133 

.149 

.166 

—10 

.028 

.057 

.086 

.114 

.142 

.171 

.200 

.228 

.256 

.285 

0 

.048 

.096 

.144 

.192 

.240 

.289 

.337 

.385 

.433 

.481 

10 

.078 

.155 

.233 

.310 

.388 

.466 

.543 

.621 

.698 

.776 

20 

.124 

.247 

.370 

.494 

.618 

.741 

.864 

.988 

1.112 

1.235 

30 

.194 

.387 

.580 

.774 

.968 

1.161 

1.354 

1.548 

1.742 

1.935 

40 

.285 

.570 

.855 

1.140 

1.424 

1.709 

1.994 

2.279 

2.564 

2.849 

60 

.408 

.815 

1.223 

1.630 

2.038 

2.446 

2.853 

3.261 

3.668 

4:076 

60 

.574 

1.149 

1.724 

2.298 

2.872 

3.447 

4.022 

4.596 

5.170 

5.745 

70 

.798 

1.596 

2.394 

3.192 

3.990 

4.788 

5.586 

6.384 

7.182 

7.980 

80 

1.093 

2.187 

3.280 

4.374 

5.467 

6.560 

7.654 

8.747 

9.841 

10.934 

90 

1.479 

2.958 

4.437 

5.916 

7.395 

8.874 

10.353 

11.832 

13.311 

14.790 

100 

1.977 

3.953 

5.930 

7.906 

9.883 

11.860 

13.836 

15.813 

17.789 

19.766 

no 

2.611 

5.222 

7.834 

10.445 

13.056 

J5.667 

18.278 

20.890 

23.501 

26.112 

Application. — Capacity  of  a  sprinkler  system  is  say  6o  cubic 
feet.  With  the  air  at  70°  Fahr.  and  100%  humidity  there  will  be 
7.980  grains  of  water  vapour  at  atmosphere  pressure  (14.7  lbs.  per 
sq.  inch).  To  raise  the  pressure  to  40  lbs.  from  zero  in  such  a 
system  will  require 
40 
X  60  =  163.3  cubic  feet  of  air, 

14.7 
which  will  introduce 

.  163.3  X  7.980  ' 

: =  .1861   lb.  of  water  vapour, 

7000 
provided  no  change  of  temperature  results.    Most  of  this  water  will 
be  condensed  at  the  pump  since  the  air  is  already  saturated,  and 
only  that  amount  necessary  to  saturate  60  cubic  feet  will  be  in- 
troduced into  the  system. 

Second  Example. — Suppose  air  at  70**  and  50  %  humidity  is 
pumped  in.  practically  the  same  amount  of  moisture  will  be  intro- 
duced since  a  pressure  increase  to  30  lbs.  will  cause  saturation.  Less 
moisture  will  be  condensed,  however,  at  the  pump. 

In  general,  it  may  be  safe  to  say  that  the  air  on  the  high 
pressure  side  beyond  the  heat  of  compression  will  be  saturated  at 
whatever  temperature  the  air  passes  into  the  cooling  rooms.  This, 
of  course,  may  not  hold  on  winter  days,  when  the  air  temperature 

is    low.  Digitized  by  V^jOOQIC 
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It  will  be  seen,  however,  that  moisture  will  be  introduced  into 
the  system  even  if  a  drying  tube  is  put  in  the  suction  pipe,  because 
of  the  presence  of  the  priming  water  in  the  dry  pipe  valve.  It 
may  be  asked  why  under  normal  working  conditions  this  does  not 
dry  up  ?  The  answer  is  obvious,  when  the  condensation  of  moisture, 
due  to  the  compression,  is  taken  into  account,  which  more  than 
offsets  any  evaporation  from  this  source  into  the  sprinkler  pipes. 

In  calculating  the  amount  of  moisture  introduced,  the  tempera- 
tures should  be  taken  in  the  air  pipe  where  it  enters  the  system, 
a  special  thermometer  to  be  installed  for  this  purpose.  The  com- 
pression pump  should  be  in  full  operation  and  the  compression  heat 
at  its  maximum.  When  a  system  requires  frequent  pumping  (daily 
or  every  few  days)  the  sum  total  of  the  moisture  introduced  may 
be  considerable. 

Estimate  of  Amount  of  Moisture  Pumped  in  and  Volume  of 
Snowy  Ice  Formed 

In  our  first  example  we  found  that  .186  lb.  of  water  was  intro- 
duced by  the  compression.  Of  this  we  may  exclude  all  but  that 
required  to  saturate  the  air  at  70°  Fahr.  on  the  high  pressure  side 
(no  more  moisture  can  be  introduced  than  that  required  to  main- 
tain the  maximum  vapour  pressure  no  matter  what  the  ait  pressure 
may  be).     Hence  we  have: 

7.980  X  60 
.0684  X  26  =  1.778  lb. 
7000 
of  water  vapour   introduced  *  in  one  pumping. 

If  the  system  is  pumped  up  once  a  week  for  say  six  months  (26 
weeks)   we  have 

.0684  X  26  =   1.788  lb. 
of  water  introduced.     If  this  were  all  condensed  we  would  have 
1.7  pints  of  water  or  49.1  cubic  inches. 

Various  estimates  are  given  for  the  volume  of  snowy  ice,  com- 
pared with  an  equal  weight  of  water,  which  range  from  4  to  40 
times  in  bulk. 

Suppose  we  take  the  most  conservative  estimate  and  make  the 
increase  only  four  times,  then  the  volume  of  snowy  ice  or  hoar 
frost  deposited  in  the  pipes  passing  through  a  room  kept  at  say — 
20°  F.  would  be  practically 

49.1  X  4  =  196.4  cubic  inchesj 

Referring  to  the  next  table  it  will  be  seen  that  this  is  more  than 
enough  to  completely  block  a  foot  of  4  inch  pipe,  or  three  and 
one-half  feet  of  2 J/^ -inch  pipe. 

Now,  in  reality,  the  increase  in  volume  when  water  is  converted 
into  snowy  ice  is  generally  taken  as  10  times,  hence  it  will  be 
appreciated  how  easily  a  sprinkler  system  may  become  blocked  or 
the  pipes  in  the  coldest  rooms  become  seriously  reduced  in  volume. 

It  should  also  be  borne  in  mind  that  if  a  sprinkler  system  is 
once  filled  with  water,  it  is  never  completely  drained  of  moisture, 
since  even  when  pipes  are  properly  pitched,  small  amounts  of 
moisture  are  retained  at  the  fittings  when  system  is  set.  With 
poorly  drained  systems,  the  amount  of  moisture  is  of  course 
greater.  Digitized  byGoOglC 
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Table    Showing    Cubical   Contents   of    Pipes    in    Relation    of 
Accumulation  of  Snowy  Ice 


Diameter 

in 

inches 

Capacity 

in 

cubic  inches 

Amount  of  water,  when  converted  into  snowy  ice 

which  would  fill  one  foot  length  of  pipe 

taking  increase  of  vol.  =  10  times 

4 

5.357 
9.504 
14.69 
21.25 
37.67 
58.93 
84.85 
115.42 
150.83 
235.70 
339.20 
603.25 
942.5 
1357.3 

.0742  gill 

.132    gill 

.203    gill 

.294    gill 

.523    giil 

.815    gill 

1.172    gills 

1.594    gills 

2.083    gills 

3.26      gills 

4.70      gills 

8.35      gills 

13.02      gills 

18.8        gills 

1 :.:::::.:: 

ij 

If. 

2  .:::::::: 

2* 

3  ::::::::: 

3i 

4. :.. 

5 

6 

1 .  18  pints 
2.09  pints 
3.25  pints 
4.70  pints 

8 

10 

12 

Under  a  law  of  physics,  all  moisture,  either  liquid  or  solid,  will 
seek  the  places  of  lower  vapour  pressure  from  those  of  higher 
vapour  pressure.  In  a  dry  pipe  sprinkler  system,  thcxplace  of  highest 
vapour  pressure  under  normal  conditions  is  in  the  dry  pipe  valve 
enclosure,  and  the  places  of  lowest  vapour  pressure  in  a  cold  stor- 
age warehouse  are  the  rooms  with  the  lowest  temperature  (sharp 
freezers).  Look  first,  therefore,  for  ice  formation  in  the  rooms 
with  the  lowest  temperature,  or  where  the  sprinkler  pipes  are  in 
contact  with  or  in  close  proximity  to  the  refrigeration  coils.  In 
an  unheated  building  of  even  temperature,  the  ice  formation  is 
more  likely  to  be  spread  uniformly  throughout  the  entire  sprinkler 
piping  outside  of  the  warm  dry  pipe  valve  enclosure.  In  a  build- 
ing heated  on  some  floors,  look  for  ice  formation  in  the  unheated 
sections.  Same  applies  to  unheated  blind  attics  or  roof  spaces. 
If  a  system  is  tight  and  it  can  be  ascertained  by  tests  that  very 
little  moisture  is  being  pumped  in  and  the  dry  pipe  valve  has  not 
tripped,  it  is  reasonable  to  assume  that  if  ice  is  found  it  is  prin- 
cipally from  the  evaporation  of  the  priming  water  with  a  small 
percentage  from  the  moisture  left  in  the  system  when  drained  to 
set  dry  pipe. 
Formation  of  Hard  or  Black  Ice  and  the  Bursting  of  Pipes 

When  water  collects  in  a  pipe  due  to  insuflftcient  draining  and 
freezes,  it  forms  ordinary  solid  or  black  ice  distinguished  by 
its  non-uniform  distribution  over  the  walls  of  the  pipe,  and  more 
or  less  clear  consistency.  Such  ice  increases  only  slightly  in 
volume  when  compared  to  water  approximately  io%).  Should 
the  pipe  be  full  of  water  beforfe  freezing  takes  places,  bursting 
almost  inevitably  results.  • 

Where  a  pipe  is  filled  by  the  deposition  of  snowy  ice  from  the 
freezing  of  the  vapour,  the  crystals  are  deposited  uniformly  over 
the  walls  of  the  pipe,  gradually  closing  it  until  only  a  small  hole 
is  left.  When  a  pipe  so  filled  becomes  completely  closed  no  extra 
pressure  is  brought  into  play,  and  no  bursting  should  result. 
Snowy  ice   can  be  readily   distinguished   from   hard  or  blackcice 


IgiU 

=  0.261  pound 

4  gills        =  1  pint 

=  1.042  pounds 

2  pints      =  1  quart 

=  2.084  pounds 

4  qilarts    =  1  gallon 

=  8.336  pounds 

1- cubic  foot 

=  1728  cubic  inches 
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(i)   by  tlie  general  appearance,  the  former  being  white,  and   (2) 
by  the  manner  of  distribution  in  the  pipe  itself. 

Conversion  Table  Weight  a;^d  Measures 

=    7.29  cubic  inches. 

=  28.875  cubic  inches. 

:  57 .  75  cubic  inches. 

•-  231  cube  inches,  U.  S.  measure. 

=  7.4805  U.  S.  gallons. 

1  British  imperial  gallon    =  10  pounds  =  1 .  20  U.  S.  gallons. 

Rules  for  the  Installation  of  Automatic  Sprinklers  in  Railway 

Car  House 

To  appear  as  section  "  N "  in  the  sprinkler  regulations,  with 
consecutive  numbers   following   section   "  M." 

Section  "  N."  Railway  Car  Houses.  Foregoing  rules  are  to 
be  observed  in  protecting  this  class  of  property,  and  in  addition 
thereto  thie  speaal  features  as  herein  recommended  are  to  apply. 

In  car  houses  of  fire  resistive  construction,  with  all  steel  work 
protected  in  accordance  with  the  requirements  of  the  N.  B.  F.  U., 
of  a  height  not  in  excess  of  25  feet,  and  with  areas  not  in  excess 
of  20,000  square  feet,  aisle  line  sprinklers  or  ceiling  sprinklers, 
but  not  both,  may  be  modified  or  eliminated  by  the  inspection 
department  having  jurisdiction. 

100;  Ceiling.  Curtains.  Permanent  ceiling  curtains  are  recom- 
mended in  buildings  having  a  height  of  over  25  feet  from  floor 
to  ceiling.  These  curtains  may  be  constructed  of  rigidly  sup- 
ported noncombustible  material,  or  of  not  less  than  i-inch  tongue 
and  grooved  boards,  coated  on  both  sides  with  standard  fire  re- 
tarding paint ;  curtains  to  sub-divide  ceiling  into  pocket  areas 
not  exceeding  5,000  square  feet  each,  and  to  be  of  a  depth  from 
ceiling  to  trolley  wire.  Inspection  department  having  jurisdiction 
should  be  consulted  as  regards  the  specific  location  of  these  curtains. 

loi.  Aisle  Sprinklers,  (a)  In  addition  to  the  regular  ceiling 
installation,  sprinklers  shall  be  placed  on  both  sides  of  each  track, 
in  an  upright  position,  on  horizontal  pipe  lines  parallel  with  tracks, 
and  shall  be  so  located  that  water  will  spray  directly  into  cars 
through  side  windows  of  car  bodies;  the  sprinklers  must  be  at 
such  a  height  that  their  deflectors  will  be  from  two  to  four  inches 
below  the  upper  sash  rail  of  car  windows. 

(b)  When  the  distance  between  sides  of  cars  on  adjacent  tracks 
does  not  exceed  4  feet,  one  line  of  sprinklers  shall  be  placed  in 
the  center  of  each  aisle  between  tracks. 

(c)  When  the  distance  between  sides  of  cars  on  adjacent  tracks 
exceeds  4  feet,  two  lines  of  sprinklers  must  be  installed.  Sprink- 
lers shall  not  be  placed  less  than  6  inches  nor  more  than  12  inches 
from  the  sides  of  cars  to  be  protected. 

(d)  When  the  distance  between  the  sides  of  cars  on  adjacent 
tracks  is  less  than  12  inches,  or  where  aisle  lines  in  accordance 
with  this  section  ma/  not  be  practicable,  as  at  curves,  switches, 
transfer  tables,  car  elevators,  repair  and  ijaint  shops,  special  in- 
structions from  inspection  department  having  jurisdiction  should 
be  obtained  as  regards  installing  raised  or  altered  lines. 

(e)  Sprinklers  must  be  placed  between  cars  and  partitions, 
division  or  outer  walls,  not  less  than  6  inches  nor  .more  than  12 
inches  from  the  sides  of  cars  to  be  protectededbyVjOOglC 
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(f)  Distance  between  sprinklers  on  aisle  lines  shall  not  exceed 
8  feet.  * 

(g)  The  standard  pipe  schedule  shall  govern  installations  of 
aisle  lines,  except  that  no  pipe  smaller  than  one  inch  may  be 
used. 

(h)  Sprinklers  on  all   aisle  lines  shall  be  staggered  spaced. 

102.  Supply  Mains  to  Aisle  Sprinklers,  (a)  Ceiling  and 
aisle  sprinklers  shall  be  installed  upon  separate  dry  valves  or 
alarm  valves. 

(b)  In  small  car  houses  or  sections  of  an  area  not  great  enough 
to  require  at  least  two  dry  valves,  ceiling  and  aisle  lines  may  be 
installed;  supplied  by  one  dry  valve,  in  which  case  separate  con- 
nections arc  to  be  taken  from  above  and  close  to  the  dry  pipe 
valve,  and  shut-bflF  valves  shall  be  provided  for  ceiling  and  aisle 
systems,  so  arranged  that  either  may  be  controlled  independently. 

(c)  Aisle  lines  must  not  be  supported  by  nor  connected  to  ceiling 
sprinkler  piping.  Special  hangers  or  supports  must  be  provided 
that  aisle  lines  may  be  rigidly  secure. 

(d)  Troughing  shall  be  installed  over  trolley  wires  in  such  a 
manner  as  to  preclude  the  possibility  of  a  short  circuit  being 
caused,  between  grounded  metal  work  and  trolley  wire,  by  the 
trolley  pole. 

103.  Pits  and  Under  Floor  Space.  Where  the  under  floor 
space  does  not  communicate  with  the  pits,  is  tightly  enclosed,  and 
is  not  used  for  any  purpose,  sprinklers  may  be  omitted  in  such 
under  floor  space  by  special  consent,  in  each  instance,  of  the 
inspection   department  having  jurisdiction. 

Suggested  Amendments  to  Present  Regulations 
(See  edition  of   1915) 

Section  "C."  Rule  16.  Partitions — to  add  a  second  paragraph 
reading  as  follows: 

"Where  no  inflammable  material  is  stored  close  to  the  ceiling, 
the  inspection  department  having  jurisdiction  may  waive  the  re- 
quirement for  providing  extra  sprinklers  in  narrow  pockets  formed 
by  beams  and  partitions  where  the  construction  is  entirely  fire- 
proof, including  the  partitions." 

Section  "  E."  Rule  25.  Supporting  of  Risers — ^to  add  to  the 
present  third  paragraph  at  foot  of  page  15  a  new  paragraph  as 
follows: 

"  In  lieu  of  floor  plates  and  couplings  as  called  for  above,  extra 
hangers  near  the  risers  and  so  arranged  as  to  properly  support 
the  weight,  may  be  accepted." 

Section  "  H."  I>ry  Pipe  System  and  Fittings.  Preceding 
present  rule  54,  to  insert  a  new  one  reading:  "Anti-Columning 
Pipes.  When  anti-columning  pipes  are  used,  they  shall  be  either 
lead  lined  or  of  brass." 

Rule  56.    Flanged  Dummy — to  change  same  to  read:; 

"A  flanged  section  of  pipe  with  drain  outlet  same  size  as  dry 
pipe  valve,  to  take  the  place  of  dry  pipe  valve,  in  case  of  repairs, 
should  be  provided  for  each  type  and  size  installed,  and  kept 
at  the  valve." 
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Your  Government's   Choice 
in  Fire  and  Theft  Protection 

IN  Washington,  the  War,  Navy  and  other  departments  are  equipped  with 
THE  SAFE-CABINET  to  safe-guard  important  documents,  file,  md 
papers  from  fire  and  theft. 

Thousands  of  large  and  small  factories,  stores,  offices  and  homes  are  now 
installing  this  great  creation. 

It  is  the  utmost  attainment  of  Science  in  ending  fire  peril.  It  is  rated 
••light-weight  safe"  by  the  Underwriters'  Laboratories.  Yet  it's  unlike  any 
heavy  iron  safe;  size  for  size,  it  has  twice  the  capacity  of  that,  weighs  but  a 
third  as  much  and  costs  far  less.  Often  heated  white-hot,  yet  not  a  paper 
inside  of  it  scorched.  Has  laid  under  tons  of  burning  ruins  for  days,  ever 
with  the  same  result,  all  contents  unscathed! 

IHE  SUKUmET 

^M       r^    C=>    C=>    E    L.       I 

Now  Sold  on  Easy  Terms 

Don't  wait  until  3rour  home  or  business  is  in  ashes  before  protecting  your 
valuables  and  records.  THE  SAFE-CABINET  is  made  in  48  styles  and 
sizes — interior  adjustable  to  any  needs. 

WRITE  TODAY — or  wire  for  photo-catalog  and  amazing  evidence  from 
men  who  escaped  the  crushing  e£Fects  of  fire  and  theft  because  THE  SAFE- 
CABINET  proved  invincible.  Delay  has  meant  calamity  to  thousands. 
Send  today. 

THE  SAFE-CABINET  COMPANY 

Originators  and  Sole  Bfanufacturen  of 
THE  SAF£-CABIN£T 
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Note. — On  pages  24  to  47  inclusive  is  an  alphabetical  list  of  substances, 
with  their  principal  hazards  mentioned,  as  compiled  by  the  Bureau  of  Ex- 
plosives of  the  American  Railway  Association;  likewise,  under  Manufacturing 
Hazards,  pages  48  to  96,  is  an  alphabetical  list  of  processes,  appliances  and 
materials;  reference  should  also  be  made  to  these,  as  the  index  below  does 
not  include  all  of  the  articles  mentioned. 
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Acetylene   apparatus    185,  747 

Acids: 

See  alphabetical  list  under  Defi- 
nitions, pages  24  to  47  inclusive, 
and   page   78. 

Alcohol 26,  132 

Ammonium    nitrate    mixtures . .  22 

Areas — allowable  floor    303 

Arches 256,  257,  321 

Asbestos 279 

Brake    linings     283 

Cellular    insulations    283 

Ebonized    wood    286 

Filled    insulations    283 

Furnace  linings    286 

Lumber 285 

Plaster 287 

Roofing  material    284 

Shingles 285 

Use    in    filters 283 

Yarn   and  cloth 282 

Ash    cans    225 

Automatic    sprinklers: 

General  information   543 

location    of    544 

Spacing    of     545 

Pipe  sizes    550 

Feed  mains   and   risers 551 

Valves    and    fittings 553 

Alarm    system    558 

Dry    pipe     560 

Report  on   (see  Appendix) 750 

Water    supply    for 563 

Steamer   connection    565 

Miscellaneous    rules    566 

High    degree     567 

Tests 567 


PAGE 

Underground    pipes    and    fit- 
tings   571 

Bake  ovens   97 

Bale   openers    79 

Banana   ripeners    79 

Bark    mills    79 

Basins,   catch    81 

Batch    warmers    79 

Beams : 

Built    up    231 

Wooden 307,   442,  450 

Reinforced  concrete    331 

Binding 79 

Beiizine 80 

Bleachers,    grain    105 

Bleaching 80 

Blower  systems    204 

Board    scrapings    80 

Boilers 51,  98 

Bo3<   cornices    230 

Brake    linings,    asbestos 283 

Branding 80 

Brass     furnaces     99 

Brick    arches    321 

Brickwork,   effect   of  heat  on..  241 

Buffing 80 

Buffing    wheels    102 

Buildings : 

Comparative    cost    and    value 

261,  267 

Cost    of    concrete 185 

Frame 295,  302,   347,  348,  349 

Non   fireproof    295,  3J9 

Building  blocks    304 

Defined 304 

Test    requirements    ^. . .  305 

Built    up    beams 231 

Bunsen    burners     80 
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Bureau  of  Explosives  of  the 
American  Railway  Association 
— general    information    issued 

by 19. 

Calciners 53 

Candles 80 

Candling    eggs    83 

Candy    furnaces    102 

Carbon    disulphide    133 

Carbon  tetra  chloride  extin- 
guishers   522 

Carriers    of    oxygen 216 

Cast    iron    columns,    failure    of  255 

Cast  iron  pipe,  cost  of  laying. .  576 

Catch    basins    81 

Cellular     insulation,     asibestos. .  283 

Celluloid 31,  81 

See  also   Pyroxylin  plastic 

Chemical 81 

See      also     alphabetical     list, 
pages  25  to  47  inclusive 

Common   names  of 47 

Chemical  fire  and  explosion  risk  215 

Chemical    extinguishers     521 

In     connection     with     stand- 

pipes.    .    . 523 

For     tanks     holding     inflam- 
mable   liquids     525 

Carbon  tetra  chloride  extin- 
guishers   522 

Chimneys:                      }      |       .  :    -^ 

Construction    of 340 

Lining   of    340 

Mortar   for    340 

Wooden       beams       separated 

from 312 

Chimneys   and   flues 229 

Chlorate    mixtures    22 

Cinder    concrete    construction . .  339 

Classification  of  buildings: 

By    construction    295 

By    occupancy    296 

Clay  pipe,  national  standard . . .  668 

Cleaning    substitutes    130 

Coal    gas    producers 191 

Coffee    roasters    103 

Columns — construction    of    rein- 
forced concrete    332 

Failure    of   cast   iron 255 

Combustion 238 

Comparative   cost   and  value   of 

buildings 261,  267 

Composite    construction     357 


I  PAGE 

Concrete   blocks,   effect   of   heat 

on 242 

Concrete    buildings,    cost    of . . .  267 

Concrete    construction    cinder..  339 

Concrete,  effect  of  fire  on 245 

Concretie    reservoirs    649 

Concrete    tanks    660 

Construction    of    chimneys 340 

Cinder    concrete    339 

Composite 357 

Converters,    Bessemer    50 

Cookers 74 

Core    pvens     Z04 

Cornices 313 

Box 230 

Corn   shellers    104 

Cost    and    value     of    buildings, 

comparative 261,  267 

Cost    of   concrete    buildings 267 

Crematories 54 

Cupolas 53,  104 

Cyclone  dust  collectors 104 

Dangerous    combinations     217 

Defective    construction    228 

Foundations 228 

Definitions,    in    National    Board 

Building    Code    293 

Depreciation    of    Buildings 258 

Digesters    75 

Dipping.   83 

Dtp   tanks    157 

Discharge  through  circular  out- 
lets   674 

Discharge   from   smooth   nozzles 

700,  701 

Doors,     elevator     401 

^ee   also   fire   doors 

Doors,    rolling   steel   fire 396 

Sheet    metal    sliding    fire 395 

Solid    steel    fire 389 

Doors,    metal   clad 402,  404 

Drainage,    floor    361 

Driers : 

See    alphabetical    list,    pages 
62  to  74 

Drip  pans    104 

Dry   cleaning    155 

Dry   rooms : 

See    alphabetical    list,     pages 
'  62   to    74 

Dry    rot 231 

Dumbwaiters    and    other    small 

shafts 316 

Dust    collectors,    CycIon^^.[^  104 
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PAGE 

Dust    hazard    83 

Dynamite 20 

Ebonized    wood 286 

•Egg    candling     83 

Egress :    ' 

See   Fire   Protection  for  Peo- 
ple   in    Buildings 

Electrical    hazard     83 

Electricity no 

Electro  plating  and  typing 84 

Elevator    doors: 

Rolling    steel i . . .  401 

Counterbalanced 401 

Elevators,  grain   88 

Embossers 84 

Enclosures  to  vertical  communi- 
cations, protection  to  openings  398 

Enclosure: 

Stair,    elevator    and    belt     in 

mill    construction     352 

Enclosure    walls: 

For  shafts  in  fireproof  build- 
ings   315 

For    shafts    in    non    fireproof 

buildings 317 

For     stairway     and     elevator 

shafts    in    frame    buildings.  348 

Engines 84 

Gasoline 160 

Gas 159 

Oil,  kerosene  or  fuel..^ 161 

Erwin     foam    extinguisher 525 

Equivalent    value    of    pipe'  ca- 
pacities  ■. 579 

Etching 85 

Ethereal  oils    134 

Ethers 133 

Explosives 85 

Explosives 19 

See  also  alphabetical  list  un- 
der Definitions,  pages  24 
to  47  inclusive,  and  under 
Manufacturing  Hazards, 
pages  78  to  96. 
Explosives : 

Storage  and  handling 211 

Forbidden    explosives    211 

Exposed    structural   metal 231 

Extinguishers,    chemical     521, 

522,    523,  525 

Failure   of  cast  iron   columns. .  255 

Felt,   paper    . . .' 284 

•Finishing.   P 85 
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Fire  alarm  systems 4'83>     49^ 

See    also    Signalling    Systems 
Fire   doors ; 

See  also  Tin  Clad  Fire 
Doors,  Solid  Steel  Fire 
Doors,  Sheet  Metal  Fire 
Doors,  Rolling  Steel  Fire 
Doors,  Hollow  Metal  Fire 
Doors,  Elevator  Doors, 
Metal  'Clad  (Class  B) 
Doors 
Fire  Doors,  suitability  of  slid- 
ing.         376 

Swinging 377 

Vertical 377 

Rolling    Steel 377 

Normally    closed 377 

Automatic 377 

Fire,    effects    of    on    concrete. .     245 
Fire   escapes: 

See   Fire   Protection   for  Peo- 
ple  in    Buildings 

Fire    extinguishing    agents 518 

Fire  flow   tests 672 

Fire    pails     .  .v 5^9,     521 

Fireplaces,    construction    of....     343 

Fireproof  constraotion : 

Allowable    floor    areas    in 303 

General   requirements   for ....  320 

Limits   of   height   of 302 

When    required    296 

Fireproof    floors    between    steel 

'    beams ,  358 

Firei-roofing: 

Miscellaneous    provisions     .  .'.  324 
Of   metal   structural   members 

in    fireproof    buildings 322 

Of   metal   structural   members 

in  non  fireproof  buildings..  325 

Reinforced   concrete    for 338 

Fireproofing   of   structural   steel  251 
Fire    Protection    for    teople    in 
Buildings: 

Stairs 463 

Doors    and    passageways 464 

Existing    fire    escapes 464 

Means    of    egress 465 

National  Board  Building  Code 

requirements 465,  474 

Smoke    proof    towers 469 

Objection    to    outside    stairs.  473 

Rotary 598 

Steam    duple^i.ed  by  CjOOgl-C  600 
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Fire    Pumps: 

Standard    sizes    of 600 

Centrifugal 601 

Installation   of    605 

Driving    connections     609 

Tests    for    acceptance. .  .610,  676 

Electric  drive  and  control...  613 

Fire    service    mains 571,  57^ 

Fire   stopping: 

Around   chimneys    312 

For    furred    walls    and    parti- 
tions   318 

For    pipe    shafts,    ducts    and 

chases 319 

For    sliding    doors,    wainscot- 
ing and  stairs. 318 

In     frame     buildings 348 

Fire    stream    tables 687 

Fire  systems,  high  pressure. 513,  517 

Fire  walls: 

In    fireproof   buildings '297 

In  non-fireproof  buildings   . .  297 

Protiection  of  openings   in . . .  297 
Protection    of    openings     in, 
when    used    for    emergency 

exit 299 

Fire    windows,    general 41 1 

Construction 412 

Types 412 

Inspection    of     417 

Flash    point     136 

Floor     and     roof     construction, 

fireproofing. 321 

Floor    drainage     3^1 

Floors,    loads   allowable 317 

Floors,    mill    construction 353 

Flow   tests   on   water   systems..  671 

Forges So,   S3»       60 

Forge,    oil     burning     rivet     or 

portable 1 72 

Foundations,    defective    228 

Frame    buildings    347 

Cellar    ceilings    in 349 

Defined 295 

Fire    stopping    in 348 

Foundations    for    347 

Height 302 

Walls   and   partitions   in 348 

Friction  loss  in  hose   699,  724 

Fuel    oil    systems 86 

Furnaces: 

See     alphabetical    list    pages 
4l8    to    6f 
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Furnaces 230 

Brass 99 

Candy 102 

Converter    type    102 

Soft  metal   104 

Furnace    linings,    asbestos . . .  286 

Garages 146 

Gas   engines    159 

Gas    producers     54 

Gas    purifiers    87 

Gas  stoves 87 

Gas    shut-off    valves 193 

Gas    stack,    retorts 54 

Gases  and  vapors 181 

Gases : 

Compressed 23 

See     alphabetical     list     under 
Definitions,   24-47 

Gases: 

Explosive   temperatures    181 

Limits    of    explosibility 181 

Ventilation     for     182 

Containers 183 

Gasoline 130 

Gasoline  engines    160 

Gasometers 87 

Glory    holes    56 

Grain    bleachers     105 

Grain    dust,   explosibility    of...  198 

Grain    elevators     88 

Gravity    and    pressure    tanks...  6x8 

Care   of    636 

Steel    towers    for 636 

Wooden  tanks    ./ 618 

Steel    tanks    631 

Pressure    tanks     643 

On    buildings    648 

Concrete    tanks    660 

Gravity    of    liquids    table 740, 

f                                     741,  743 

Gypsum 270 

Effect    of   fire    on 271 

Hand    pumps    521 

Hazard  of  electric  lamps 192 

Hazardous     materials     and     pro- 
cesses        24-47,   48-96 

Hearths 56 

Heat 236 

Heaters 50,  60,  63 

Heaters,   soldering  iron 109 

Heating,    furnaces    and    boilers  343 

Heating   syste^s^  ^ v^UhQf^ers,  204 
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PAGE 

Height    of    buildings*    affecting 

construction 296 

High  pressure  fire  systems: 

Desirability    of , .     513 

Requirements   of    517 

Hints    to    the    insured 13 

Holes,    glory     56 

Hollow  metal  fire  doors. 397 

Class    B     400 

Class   C    404 

Hollow    spaces    230 

Hose    houses : 

Construction 66i 

Equipment 665 

Rack    for    washing    hose 668 

Hot  air  pipes  and  registers 344 

Hot     water    pipes 346 

Houses,    hose    661 

Inflammable    liquids: 

Classification    of    inflammable 

liquids 136 

Storage    of    Class    I    and    II 

near    exits,    etc 137 

Two   exits   required   in   stores 

and  jobber's  plants 137 

Handling  limited  in  buildings 

occupied    by    families 137 

Storage  limited  in  frame  and 

other    buildings    137 

Requirements        for        special 

storage    rooms    138 

Restrictions      to      storage      of 

Class    II    liquids 138 

Exposed    window    must    have 

wired    glass     138 

Restriction    as   to   new    manu- 
facturing    plants     138 

Restriction      as      to      existing 

manufacturing    plants     ....      138 
Manufacturing      plants      pro- 
hibited   in    buildings    occu- 
pied   as    dwelling 138 

Restrictions     as     to      kettles, 

vats,    etc 138 

Ventilation    required     138 

Extinguishers     required     139 

Storage  of  barrels  and  drums 

limited 139 

Drums    and    barrels    must    be 

kept    closed     1 39 

Smoking    prohibited    139 

Lighting     shall     be     by     elec- 
tricity       139 

Requirements  for  wheel-tanks.      139 


PAGE 

Drawing       prohibited       near 

open    light,    etc 139 

Storage      must      be      outside 

buildings 139 

Underground  storage  limited  139 
Above    ground    outside    tanks 

limited 14X 

Requirements        for        above 

ground    tanks     142 

Above    ground   tanks   labeled.      142 

Thickness    of    tanks 142 

Special  material  permitted  for 

tanks 143 

Construction  of   tanks 143 

Foundation   of   tanks 143 

Stationary  tanks  in  buildings  144 
No    connections    to    drains...      144 

Vent    pipe     144 

V^ves  in  drawing-off  pipes.  144 
Valve     near     tank     if     above 

ground 144 

Valve    required    at    pump 144 

Piping    must    drain    to    tank 

where    underground    144 

Requirements    for    piping....      144 

Leaky    piping 145 

Pipes    for   Class   I   and   II   in 

rooms       containing       open 

lights 14s 

Filling    pipe    145 

Deliveries    to    storage    tanks.      145 

Pumps    required 145 

No  gravity  feed  permitted..  145 
Pumps    for  engines   and   fuel 

equipments 145 

Containers  painted   distinctive 

colors 14s 

Inflammable  liquids   23 

See     also    under    Definitions, 

pages    24    to    47    inclusive, 

arranged   alphabetically 

Inflammable  liquids: 

General 129 

Properties  of,  as  classified  by 
the  Underwriters  Labora- 
tories       129 

Storage,  hazard  of  as  viewed 
from  insurance  stand- 
point       135 

Storage    from    the    insurance 

viewpoint 135 

Classification    of    136 

Storage    tanks    •  •  •  • » 1 39 

Storage    in    buildingk:!QQSiCi37 
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Storage    and    handling    rooms  138 

Manufacturing    plants    138 

Underground    storage    140 

Above    ground    tanks.. ^ 14X 

Thickness  of  tank  material..  142 
Piping    and    other    appurten- 
ances   144 

Inspections  by  fire   departments  737 

Inspection    reports    728 

Standard    form    734 

Insulation,    cellular    asbestos...  283 

Magnesia 283 

Interior   columns,   protection  of  323 

Interior  fire  alarm  service 483 

Iron  and  steel,  effect  of  heat  on  243 

Japan    ovens    66,  105 

Kettles: 

See  alphabetical  list,  74  to  78. 
Kettles: 

Rendering 108 

Kilns 57 

Also    alphabetical    list,    pages 
62  to  74. 

Lacquering  stoves    135 

Lamps,    hazard  .  of   electric 192 

Laundries.    .    .    195 

Leers 57 

Light    and    vent    shafts 317 

Lightning,  protection  against...  112 

Linings,    asbestos    brake 283 

Lining   of   chimneys 340 

Linings,    asbestos    furnace 286 

Lintels 373 

Liquids : 

See  Inflammable  Liquids: 

Loads,     live,     defined 304 

Lockers    for    oily    clothing 92 

Lumber,  asbestos   285 

Magazines    for   explosives 212 

Magnesia    insulation     283 

Mains    for    fire    service: 

Size    required     571 

Rules    for    laying 572 

See    also    Water    Pipe 

Manufacturing    hazards    48-96 

Matches 38,  39,  9© 

Metal    clad    doors : 

Swing  type    ; 402 

Class  C  for  partitions 404 

Metal    shutters     408 

Mills,    bark     79 

Mill   or  slow   burning  construc- 
tion   350 

Foundations    and    walls 350 

Limits  of  height  and  area. . .  302 
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'Mill  construction: 

Floors 353 

Timbers   and   columns 354 

Caps 355 

Fire    walls     352 

Window    and    door   arches. . .  352 

Mortar   for  chimneys 340 

Motion   picture  theatres,   booths 

and  machines 124 

National    Building    Code    defini- 
tions   293 

National   Board  of  Fire  Under- 
writers : 

Functions i 

Regulations,     list    of 2 

Suggested    ordinances    issued 

by 3 

National    Fire    Protection    Asso- 
ciation          4 

National    standard,    clay    pipe . .     668 

Nitro-cellulose: 

See   Pyroxylin   Plastic 

Nitro-cellulose    and    nitro-starch 
explosives 21 

Nitroglycerine ^ 20 

Non-fireproof  buildings: 

Classified '. 295 

,When  used   for  business   and 
residence 319 

Nozzles,  discharge  from  smooth 

700,     701 

Nozzle    or   engine   pressure ...  702-724 

With  hose  lines    698-723 

Method    of    calculating. .  .696,     697 

Oil: 

See  Inflammable  Liquids 

Oils 91 

Oil  burning  equipments 162 

.Compressed    air    delivery. .  .163-174 

For   household    use 175 

Railway    Fire    Protection    As- 
sociation    report     164-174 

Oil    conveyors    or   carriers 175 

Oil   equipments: 

Receivers,     accumulators, 
standpipes      and      auxiliary 

tanks 161,  164 

Oil   engines,    kerosene   or   fuel.  161 

Oils,    ethereal     134 

Oil  lighting  systems 179 

Oil    separator 147 

Open   air  or  light  shaf^.QlC .  433 

Openers,    bale    79 
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Openings  for  belts 377 

Openings    for    shafting 377 

Ordinary    lumber    construction.  309 

Ovens : 

See    alphabetical     list,    pages 
48   to   6x 

Ovens,    bake     97 

Ovens,    core    104 

Ovens,    Japan     * 105 

Ovens,  patent  leather  enamel. .  69 

Oxygen,    carriers    of 316 

Pails,    fire     519,.  521 

Painting 91 

Pans,    drip    , 104 

Vacuum 78 

Paper    felt     284 

Parapet    walls,    on    exterior    or 

party    walls     299 

Parker    building    fire 253 

Partitions : 

In   non-fireproof  buildings 326 

In    fireproof   buildings 325 

Protection    to    openings    in . .  403 

Patent    leather    enamel    ovens . .  69 

Penetration   of   heat   in  earth..  140 

Pent   houses    432 

Picric  acid  and  picrates 22,  78 

Pickers 96,  106 

Pipe  capacities,  equivalent  value 

of 579 

Pipe,  cost  of  laying  cast  iron..  576 
Pipes: 

Hot    air 344 

Water 346 

Steam 230 

Stove 229 

Pitching    apparatus     58 

Plaster,    asbestos 287 

Plaster    partitions : 

Effect    of    fire    on 271 

Plaster     of     Paris 270 

Pot  arches   58 

Powder : 

Black.    .    .' ; 19 

Smokeless.    20 

Pressing  irons  and  heaters 107 

Pressure    tanks    643 

Diagram    of   pressure 645 

Table    of   height    of   water   in 

cylindrical   tanks    647 

Prism   glass   as   a   6 re    retardant  422 

Producers,    gas    54 

Protection  of  belt  drives 433 
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Protection,    of    metal    structural 

members   from  corrosion...  30Q 
Of  metal  structural  members, 

fireproofing 322 

Of    wall    openings 313 

Of   vertical    openings 315 

Protection    of    openings: 

In      enclosures      to      vertical 

communications 398 

In    corridor    and    room    parti- 
tions   403 

In    exterior   walls,   severe   ex- 
posure   404 

In    exterior    walls,    moderate 

exposure 410 . 

Pumps,    fire,   see    fire  pumps...  598 

Pumps,   hand    521 

Purifiers,    gas     87 

Pyroxylin    plastic : 

General 117 

Storage   of   film 121 

Handling    of    films 123 

Ranges 59,  107 

Ranges : 

Coal 107 

Gas 108 

Ranges   and    stoves ,  •  •  •  344 

Rerich   of   fire   streams 698 

Refiners,   banana    79 

Refuse    burners     \ .  59 

Registers,    hot   air 344 

Reinforced    concrete     288,  331 

Reinforced    concrete     327,  338 

Beams 331 

Columns   for   girderless   floors  334 

Design 329 

Floors,    systems    approved    on 

design 339 

For  fireproofing   338 

Forms    construction    and    re- 
moval  of    337 

Materials.    .   .    327 

Reinforcement,      requirements 

for 335 

Walls 333 

Workmanship         requirements 

for 336 

Rcnderirtg   kettles    108 

Retorts » 59 

Retorts,    gas    stack 54/ 

Kisks,     chemical     fire    and     ex- 
plosion.    .    ,  DipijifQdtiy.W.O.OgiQis 
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Rivet    or    portable    forge: 

Oil   bttming    172 

Roof    construction    321 

Roof    coverings : 

Underwriters  standards    362 

Roofing    material,    asbestos 284 

Roofs,    mill    construction 354 

Rolling   steel    fire    doors 396 

Rolling    steel    shutters 410 

Roofs  and  roof  structures 312 

Safety    cans : 

Construction    of    177 

Scrapings,    board     80 

Scuppers,   for  floor  drainage...  361 

Scuttles 433 

Semi-mill    construction     356 

Separator    oil    147 

Sheet    metal    sliding    fire    doors  395 

Shellers,    corn    104 

Shingles,    asbestos     285 

Shaving  vaults 94 

Shutters : 

Tin    clad    405 

Steel   or   sheet   metal 408 

Rolling    steel    410 

Signalling  systems 483 

Wiring,    all    systems 487 

Energy, '  all    systems 488 

Central    stations 489 

Manuafl    fire    alarm 490 

Automatic     fire    alarm 490 

Thermostats 485,  490 

Journal    alarm    492 

Time    recording    493 

Sprinkler  alarm   . . .  .494,  .559,  563 

Supervisory    systems     494 

Supervision  details    495 

Local    systems 497 

Supplementary   to   fire   drills.  498 

Skylights 423 

Monitor 425 

Sawtooth 425 

Ventilating 426 

For     stairs,     elevators,     light, 

etc 427 

Theatre    stage     427 

Protection    of     429 

Slow   burning  or  mill   construc- 
tion  302,  350 

Smoke    houses 71 

Soldering    iron    heaters 1 09 

Solid  steel  fire   door: 

General 389 
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Sliding    type     390 

Swinging  type    394 

Spontaneous    combustion     219 

Sprinklers,  automatic 543 

Sprinklers: 

See    Automatic    Sprinklers 

Open.    568 

Cornice,    side    wall    or    ridge 

pole.    .    .'   571 

Illustrations  of  old  types 582 

Illustrations        of       approved 

types 596 

Stacks: 

Iron 103 

Stalls 60 

Standard    forms    of    inspections  734 

'Standpipes 530 

Water    supply    for 531 

For    private    protection 532 

For    fire    department    use 533 

Special  standpipes   534 

Fire      connection      for      city 

mains 535 

Steam   boilers,   flues    for 341 

Steam    pipe    230,  346 

Steel 291 

Steel    shutters     408,  410 

Steel    tanks    on    trestles 631 

Dimensions   for  standard  size  635 

Care   of    636 

Steel   towers   for   tanks 636 

Stills 60 

Stock    conveyors,    blower 207 

Stone    work    229 

Effect    of    heat    on 240 

Storage    and    handling    of    ex- 
plosives   21X 

Stoves 60,  61,  109 

Installation   in  laundries 196 

Gas 87 

Laquering 135 

Stoves,    bushellng    53 

Stove    pipes    229 

See   Stacks,   Iron- 
Stoves    and    ranges,    regulations 

for 344 

Smoke    pipes    for 340 

Structural    metal    exposed 231 

Structural  steel,  fireproofing  of.  231 
Stucco    on    metal    lath,    specifi- 
cations   for    274 

Tables,  fire  stream 687 

of    gravitjr    of    liauids. . . . ..  740, 
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Tanks,    concrete 660 

Dip 157 

'    Pressure 643 

On    steel    trestles 631 

Gravity    and    pressure 618 

Taps    and   services: 

Loss  of  head  through 577 

Temperatures 237 

Terra  cotta,  effect  of  heat  on . .  242  / 

Terra  cotta,  for  fireproofing 243 

Tests 672 

Fire    flow    677 

Of    fire    pumps 614 

Of  steam  fire  engines 678a 

Of  automobile  fire  engines...  685 
Tesf  of,  effect  of  fire  on  build- 
ing  material    247 

Theatres,    motion   picture.......  124 

Tin   clad   fire   doors: 

Class   Bf ., 400 

General "i 378 

Sliding    type     379 

Swinging  type    385 

Vertical    type    388 

Tin    clad    fire    shutters 405 

Tenter     frames     73 

Torches,    welding    173 

Underwriters    Laboratories     ...  6 

Fire   appliances   listed   by....  10 
Gas,      oil,      mechanical      and 
chemical     appliances     listed 

by II 

Vacuum  pans    78 

Value    arid    ccst     of     building, 

comparative 261,  267 

Valves,    gas    shut-off 193 

Valve    pits     659 

Vapors,    gases    and 181 

Varnishes 134 

Varnishing 95 

Vaults: 

Class    A     458 

.  Class   B    460 

Class   C    461 

Vaults : 

For  refuse   209 

Shaving 94 

Ventilating    systems     204 

For   cooking   appliances 206 

Ventilation : 

For   gases    182 

Ventilators 432 
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Vertical   communications : 

Protection  to  openings  in  en- 
closures   398 

Vertical    openings : 

Elevator,    stairway    and    belt.  232 

Walls: 

Cu]:tain,  height  and  thickness 

of. 297 

Fire 297 

Furred    construction    of 302 

Hollow 302 

Hollow   block    301 

Panel,    for   skeleton   construc- 
tion  ► 297 

Parapet    or    party 299 

Protection  of  openings  in. 313,  ;^(^^ 

Recesses    and    chases    in .... ."  302 

Reinforced  concrete    332 

.Thickness    for    brick    walls . . 

298,  302 

Walls,   enclosure 3,    5,    317,  348 

Wall   frames   for  fire  doors 373 

Wall    openings: 

Protection    to     367 

Warmers,  Batch   79 

Waste    cans    224 

Watchman's    time    recording   ap- 

.  paratus 510 

Water    pipe : 

See   Mains   for  Fire   Service 
Friction   loss  in   pipe   and   fit- 
tings  575,  577 

Weights    o£     580 

Cost    of    laying 576 

Water  pressure   in   feet  reduced 

to    pounds    745 

Weight  of  materials 305 

Welding    torches: 

Portable    oil    burning 173 

Wheels,     buffing     102 

Whitewash 240 

Windows,    fire     . .411,    412,  417 

Wire    gauges    744 

Wired    glass    windoy^s 245 

Wire,     properties     of 503 

Wood,    fire    resisting 239 

Woodwork: 

Hazard   of   varnished 232 

Protection    with    sheet    metal.  232 

Wooden   beams    309,  441 

Bearing   of   ends   of^.^. ■  309 

Safe  loads  fo^lF.d.  by.W.Q.Og.^^307 
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Separated        from       masonry 

chimjieys.    .    . 312 

Separation    in    walls 309 

Tables    for   calculating 450 

Wooden  beams   307,  442^  450 

Wooden   tanks    618 

Size.    .    61S 

Shape 618 

Material 6r8 

Hoops 618 

Lugs 621 

Dimensions       for       standard 

sizes.   .   .   ' 621 

Roof.  .  . 622 

Hatch 623 

Supports.       624 
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Discharge  pipe    624 

Filling    pipe    624 

Drain 625 

Expansion    joint     625 

Heating 626 

Frost-proofing   of   piping 627 

Gauge 628 

Ladders 629 

Care   of    636 

Working    stresses,    for    building 

blocks.  .   . 304 

For  cast  iron  columns 307 

For    steel    columns 307 

For   structural   materials 306 

For   wooden    columns 307, 

442,  456 

Varns   and   cloth,   asbestos 282 
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ADDENDUM 


Roofings. — The  Underwriters*  Laboratories,  since  the  date  of 
printing  the  major  part  of  this  book,  have  reclassified  the  grading 
of  Roof  Coverings  as  given  herein  on  page  362.  As  now  classified 
there  are  three  classes,  A,  B  and  C ;  roughly,  Class  A  includes  former 
Classes  A  and  B ;  Class  B  includes  former  Classes  C  and  D,  and 
Class  C  includes  former  Classes  E  and  F. 
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To  Utilize  Instantly  the  Fire  Fighti^ig 
Facilities  of  Municipal  Fire  Departnients 

THE  GAMEWELL 
AUXILIARY  FIRE  ALARM  SERVICE 

Extends  the  Public  Fire  Alarm  Service  into  Interiors 

of  Mercantile  and  Manufacturing  Premises,  and  into  Hotels, 
Theatres,  Hospitals,  Educational,  Charitable  and  Penal 
Institutions,  and  is  thereby  one  of  the  Most  Important 
Modem  Agencies  for  Saving  Life  and  Property  from  Loss 
by  Fire.  It  has  been  established  for  more  thah  Fifteen 
years,  and  is  now  installed  in  fnore  than  Six  Thousand 
EstabtishCQents,  in  many  important  cities. 

The  United  States  Goveftittient  has  adopted  this  Serv- 
ice for  many  of  its  buildings,  including  the  White  House 
at  Washington,  and  has  installations  at  Colon  for  the 
Panama  Canal. 

Insurance  Approval.  The  Gamewell  Auxiliaiy  V^ras  ap- 
proved by  the  Chicago  Laboratories  for  the  "Western 
Union"  in  1901  and  rate  allowances  for  its  use  are  made 
by  the  New  York,  Philadelphia,  New  England,  Middle 
Department,  Pacific  and  other  Boards  of  Underwriters. 
It  is  installed  in  many  Factories  insured  by  the  Manu- 
facturers Mutuals,  and  in  hundreds  of  "Sprinklered  Kisks, " 
and  Modern  Fireproof  Office  Buildings. 

It  is  absolutely  the  Only  Interior  Fire  Alarm  Service 

which  connects  with  Public  Fire  Alarm  Systems,  directly, 
instantly  and  without  repetition,  and  calls  out  the  Full 
Department  Force  which  responds  to  Public  Box  Alarms. 

Its  short  and  easily  protected  circuits  and  its  simplicity 
of  mechanism  and  methods  of  operation  cause  it  to  be  in- 
comparably the  most  prompt,  positive,  accurate  and  re- 
liable Interior  Fire  Alarm  Service  now  in  use. 

FOR  FULL  INFORMATION  ADDRESS 

THE  GAMEWELL 
Auxiliary  Fire  Alarm  Company 

5708  GRAND  CENTRAL  TERMINAL,  NEW  YORK 

Digitized  by  VjOO^lC 
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YORK  refrigeraung 

APPARATUS 

has  behind  it  years  of  practical  experience  in  this 
one  specialty. 

If  you  would  participate  in  the  benefits  of  this 
experience,  consult  us  freely  as  to  your  require- 
ments. There  is  no  charge  for  YORK  CON- 
SULTING SERVICE. 

Our  facilities  are  complete  in  every  detail.  Our 
Organization  is  such  that  we  can  successfully 
execute  any  order  for  Refrigerating  or  Ice  Making 
Machinery,  no  matter  how  large  or  how  small. 

If  you  want  QUALITY  and  SERVICE,  send 
your  inquiries  to 

YORK  MANUFACTURING  CO. 

(Ice-Making  and  Refrigerating  Machinery  exclusively) 

YORK,  PA. 

BRANCHES  IN  ALL  PRINCIPAL  CITIES 
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TI1R  1UTrri7D  NON-FREEZING 
inu  LYllLLElli     PUMP  TYPE 

FIRE  EXTINGUISHER 

2KC 


Can  be  rested  any  time 
without  the  loss  of  liquid,  the 
solution  being  discharged  back 
into  the  shell  through  the  filler. 


Sole  Manufacturers 

MILLER 

STANDARD 

SODA  AND  ACID 

FIRE  EXTINGUISHERS 

Approved  By  The 

National  Fire  Protective 

Association 

MILLER 

WAREHOUSE 

CHEMICAL  TRUCK 

18    and    25    Gallon    Capacity 

Easily  Wheeled  or  Carried 

MILLER 

CHEMICAL  ENGINES 

45  to  60  Gallon  Capacity 

Adapted  For  Use  In 

Warehouses,  Yards. 

Small  City  Departments,  Etc. 

MILLER  CHEMICAL 
ENGINE  CO. 

Builders  General  Fire  Appliances 
CHICAGO,  U.  S.  A. 


Quincy  Elevator 
Gate  Company 


SAFETY  GATES- 
STEEL  and  WOOD 
— full  and  semi- 
automatic— for 
freight  elevators  : : 

Fire  Doors — ^All  Kinds 


Installations  made  to  meet 

requirements    of   state 

labor  laws  and 

underwriters'  specifications 


29  BROADWAY 
NEW  YORK 


TELEPHONB  SPRINQ  9340 

F.  M.  GABLER, 

INC. 

FIRE  PROTECTION  AND 
FIRE  INSURANCE  WORK 


MAUFACTURERS 
AND  ERECTORS  OP 
FIRE  PROOF  DOORS 


IISLeroy  Street 
NEW  YORK     , 

Digitized  by  VjOOQ IC 


r 

772  Fire  Prevention  and  Protection 


APPROVAL 

HERSEY 
DETECTOR  METER 


THE  Hersey  Detector  Meter  has 
been  accepted  for  eleven  years 
in  3^4^6^8M0*^and  12*;  sizes 
without  any  restrictions  or  conditions 
of  miy  kind  by  every  Insurance  Com- 
pany, Stock  and  Mutual,  doing  busi- 
ness in  the  United  States,  and  by 
the  Water  Departments  and  Water 
Companies  in  more  than  500  Cities 
and  Towns  for  use  on  over  3000 
Fire  Services  protecting  nearly 
$2,000,000,000  worth  of  Insured 
Property. 


HERSEY  MANUFACTURING  COMPANY 

BOSTON  COLUMBUS,  O.              SAN  FRANCISCO 

NEW  YORK  PHILADELPHIA                   LOS  ANGELES 

CHICAGO  -        ATLANTA                  PORTLAND,  ORE. 
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CHEMICAL  APPARATUS 

"UTICA  HOLLOWAT"  and  "UTICA  CHAMPION" 
Copper  Tanks 

HOSE  REELS  OR  BASKETS  AND  FULL 
EQUIPMENT  FOR  FIRE  APPARATUS 

Hand  Extinguishers  for  Every  Purpose 


Village  Chemicals  with  Copper  Tanks  same  as 
used  on  City  Fire  Department  Apparatus 

WRITE  FOR  OUR  NEW  CATALOGUE  No.  10 

O.  J.  CHILDS  CO. 

Manufacturers  Fire  Apparatus 
UTICA,  N.  Y. 


R.  D.  WOOD  &  CO. 

ENGINEERS  IRON  FOUNDERS 

MACHINISTS 
400  Chestnut  Street  Philadelphia,  Pa. 


Mathews'  Smgle   and  Doable  Valve 

Fire  Hydrants 

Gale  Valves,  Valve   Indicator  Posts 

Manufacturers  of  All  Kinds  and  Sizes  of 

CAST    IRON    PIPES 

Digitized  by  V^OOQ IC 
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SAFETY  FIRE  BUCKET   TANK 
SAFETY   FIRE   EXTINGUISHER 

UNDERWRITERS'  FIRE  HOSE 

Unlined  Linen,  Cotton  Rubber  Lined.    Hose  Racl&s,  Hose 

Carts,  Hose  Pipes,  Hose  Valves,  Chemical  Fire  Engines, 

Fire  Axes,  Fire  Hooks,  Packing  Bins,  Fire  Pails, 

Gasoline  Cans,  Skylight  Work,  Signs,   £:xit. 

No  Smoking,   Etc.      Ash  and   Sweeping 

Cans,  Watchman^s  Clocks,  Gongs. 


Estimates  on  off  Ftre  Frotection  Work  Made  by  Oar  Experts 

The  Safety  Fire  Extinguisher  Compaoy 

291-293  SmM  «n.,  Bitmra  2ltk  ami  27tk  StnMs 
NEW  YORK 


WATER  TANKS 
STEEL  TANK  TOWERS 

Elevated  Tanks  for  fire  protection  in- 
stalled anywhere.  Also  pumping  and 
storage  plants  for  factory  and  domestic 
supply.    Ask  for  estimate. 

Mercury  Column  Water  Gauge 

may  be  located  at  any  point  in  the 
factory  or  pumping  station  and  shows 
correctly  the  depth  of  water  in  tank. 

New  England  Tank  &  Tower  Company 

BOSTON,  MASS. 
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Water  Supply 

From  Deep  Wells 

is  obtained  at  a  minimum 
cost  by  use  of  our  deep 
well  pumps. 

Write  for  Bulletin  26 
explaining  the  use  of 
Cook's  Patent  Brass  Tube 
Well  Strainer. 

A.  D.  COOK 

Lawrenciburg,  Indiana,  U.  S.  A. 

Manulacturers  of  a  complete 

line  of 

DEEP  WELL  SUPPLIES 

including  Steam,  Belt  and 
Motor  Driven 
DEEP  WELL  PUMPS 
Wind-Mill  and  Hand  Pumps, 
Working  Barrels  and  Valves, 
Pump  Rods  and  Pump  Rod 
Joints,  Drill   Rods  and  Drill 
Rod  Joints,  Drilling  and  Well 
Tools. 
Catalogue  Mailed  Upon  Request 


Telephone  Wabash  531 

JOHN  RAMCKE 
&SON 

BUILDERS 


Appraising  Fire  Losses 
a  Specialty 


1801  Insurance  Exchange 

175  W.Jackson  Blvd. 
CHICAGO 


I  AQENTS»  AND  INSPECTORS* 

POCKET  BOOK  OF  FIRE  PROTECnON 

By  QEORQE  VBLTEN  STEBB 

AssociATi  Mbubsb  National  Fma  PRoracnoN  AaaoounoM. 

Member  Philadelphu  Alumni,  Columbu  UNirsBsm. 

Author  of  **Plre  Insurance  AcenU'  and  Surveyors*  Pocketbook  of  InformatJoii*' 

and  "Special  Agents*  and  Adjusters*  Handbook.** 

An  up-to-date  and  oompreheDsiye  work  which  should  be  in  the  poaaesaion  of  exery  Special 

Agent,  Inspector  and  Local  Asent.  An  idea  of  the  broad  scope  of  this  work  may  be 

obtained  by  a  glance  at  the  chapter  titTes  given  below,  although  this  list  gives  no  intimation  of 

the  numerous  details  presented  in  the  book. 


presented 

I.    Construction.  XI. 

II.    Special  Construction  and  Notes.  XII. 

III.    Fire  Doors  and  Shutters  XIII. 
IV.    Heating. 

V.    Lighting.  XIV. 

VI.    Electric  Light  and  Fbwer  Installa-  XV. 

tion.  XVI. 
VII.    Sprinkler  Equipment. 

VIII.    Kre  Pumps.  XVII. 
IX.    Fire  Pumpe  and  Notes. 

X.    Reservoirs  and  Other  Sources  of  XVIII. 
Water  Supply  for  Fire  Pumps. 
There  is  a  copious  Index  which  will  enable  the  reader  to  locate  quickly  any  particular  item 
of  information. 
Frioes  of  the  AoEura^  and  Inspbctors'  Pocxet-Book  or  Fnus  Piuctotion  (Bound  ia 
Red  Russia  Leather): 

Per  copy,         -----       $3.50  25  Copies,       -----     $48.00 

13  Copies.       -----     $24.00  SO  Copies,      -----     $90.00 

100  Copies,         -  -       .       .       .  $150.00 

THB    SPECTATOR    OOMPAIVY 

Chicago  Offleei  Insurance  Bzchange  135  Wflliam  Street,  New  York 


Other  Fire  Appliances. 

Oils,  Varnishes,  Bendne,  etc. 

Oily  Waste  and  Other  Spontaneously 

Combustible  Mat«ial. 
Waste  and  Rubbish. 
Special  Information. 
Watchman  and  Watchman's  Time 

Recording  Apparatus. 
Miac^laneouB     Information     and 

Tables. 
Hasards. 
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Asbestos  Textile  Company 

EVERYTHING  IN  ASBESTOS 

Fibre  Packing                         Brake  Lining 

Yam  Gaskets                        Gloves 

Cloth  Sheet                            Leggins 

Tape  Theatre  Curtains        Aprons 

Woolworth  Building  New  York  City 


Water  Towers^  Stand  Pipes  and  Tanks 

For  Fire  Protection  and  Domestic 
Service 

Send  for  Catalogue 
TIPPETT  &\WOOD,     PhiUipsburg,  N.  J. 


Empire  Fire  Hose 

has  twice  stood  1000  lbs.  pressure 
in  New  York  Fire  Department's 
tests  I  without  bursting — October 
19,  1913,  and  November  4,  1915. 

Last  test  length  picked  at  random 
from  delivery  of  30,000  feet 

Empire  Double  Jacket  Fire  Hose 

WRITE  US  ABOUT  IT 

Empire  Rubber  &  Tire  Co. 

TRENTON,  N.  J. 
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RELC  STATIONARY  CHEMICAL  ENGINE 


Chemical  Streams  from  Interior 
Standpipes 

The  "Relc"  Chemical  Engine  connected  to  interior  stand- 
pipe  and  hose  systems,  employing  small  piping,  with  the 
customary  number  of  outlets  on  each  floor  of  a  building 
furnishes  an  effective  defense  against  fires  that  cannot  be 
extinguished  with  portable  apparatus. 
It  has  been  used  successfully  to  supply  Automatic  Sprink- 
ler Systems  in  the  more  hazardous  parts  of  buildings, 
where  fires  cannot  ordinarily  be  controlled  by  water  alone. 
The  principle  of  the  "RELC"  Chemical  Engine  has  been 
endorsed  by  the  Underwriters*  Laboratories,  Inc.,  Chicago, 
111.,  and  reductions  have  been  made  in  fire  insurance  rates 
for  this  protection  where  application  for  credits  have  been 
made  to  the  proper  rating  organization. 

Relc  Extinguisher  Corporation  of  America 

120  Broadway,   -     -    NEW  YORK 
Empire  Building,  ATLANTA,  GA. 


THE  SPECTATOR  COMPANY 

PUBLISHERS  AND  IMPORTERS  OF 


INSURANCE  WORKS 


PUBLISHERS  OP  AND  SELLING  AGENTS  FOR  THE  FOLLOWING   IMPORTANT 
PIRB  AND  MARINE  PUBLICATIONS: 

CYCLOPEDU  OF  FIRE  PREVENTION  AND  INSURANCE.— In  four  volumes,  dealing 
with  all  branches  of  the  subjects  indicated  by  the  title,  including  fire  losses;  fireproof  con- 
struction; building  code;  combustion;  underwrites'  regulations;  fire  protection;  reports; 
inspection;  hazards:  underwritiiig;  ratings;  policy;  law;  and  adjustinjs.  Gonq^etely  indexed/ 
Fhce,  for  the  set,  bound  in  half  morocco,  with  heavy  buckram  sides,  $17,  delivered. 

FIRE  INSURANCE  AND  HOW  TO  BUILD.— By  the  late  P.  C.  Moore.    Price,  15.00. 

GRINNELL'S  ESTIMATOR  AND  BUILDERS'  POCKET  COMPANION.— A  book  of 
especial  value  to  fire  insurance  adjusters.    Price,  per  copy,  $1.00. 

HALL  ON  INSURANCE  ADJUSTMENTS.— By  Ihrasher  Hall.  Second  edition.  1916. 
Revised  and  enlarged.    A  practical  guide  for  adjusters  of  fire  losses.    Price,  per  copy ,  $3.50. 

•INSURANCE  YEAR  BOOK,  THE.— Issued  July  of  each  year.  Dealing  with  msurance 
companies  throughout  the  world.  Price  of  each  volume:  me,  Casualty  and  Miscellaneous 
Insurance,  $7.00;  Fire  and  Marine  Insurance  (including  "Fire  Departments  and  Water  Sup- 
ply")* $7.00;  both  volumes  whai  ordered  toge^er,  112.00. 

SPECIAL  AGENTS'  AND  ADJUSTERS'  HANDBOOK.-By  George  Veltcn  Steeb.  A 
standard  reference  work  for  fire  insurance  field  men,  containing  much  data  relating  to  special 
hazards,  adjustment  rules,  tables  of  weights  and  measurenients,  depreciation,  costs,  etc. 
Price,  per  oray,  bound  in  flexible  leather,  $1.50. 

SPECTATOR,  THE.— An  American  Review  of  Insurance;  published  weekly.  Price,  $4.00 
per  annum. 

AL&O  NUMEROUS  OTHER  STANDARD  INSURANCE  WORKS 

A  Catalogue  of  Insurance  Publications  will  be  forwarded  on  recdpt  of  six  cents  in  postage  stamps. 


TUB    SPECTATOR 

Chicaso  Office:  Insurance  Exchange 


COA4PAIMY 

135  William  Street,  New  York 
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Indicator,  Devices  and  Valves 

FOR 

Automatic  Sprinkler  Systems 

Indicator  shows  automatically  whether 
valve  is  open  or  shut 

"NEWTYPE"  HYDRANTS 
for  Mill  Yards 

All  Acceptable  to  Insurance  Inspection  Bureaus 

The  Kennedy  Valve  Manufacturing  Co. 

Works  and  Main  Office: 

ELMIRA,  N.  Y. 

81  John  Street  Western  Union  Building 

New  York  Chicago 


The  Gutta  Percha  &  Rubber  Mfg.  Co. 

Manufacturers  of 

FIRE  HOSE 

Sole  Proprietors  of 

The  Old  Reliable  Maltese  Cross  Brand 

(A  Four  Ply  RUBBER  Fire  Hose) 

The  BAKER  FABRIC  Brand 

(5,  4  and  3  Ply  Solid  Multiple  Woven  COTTON  Fire  Hose) 

and  Double  and  Single  Jacket  Fire  Hose  of  all  Kinds 

Obtcdn  oar  prices  before  pnrchaeing 
ESTABLISHED  1855 

Executive  Office:  126-128  Duane  Street,  New  Yoric 

Branch  Offices : 

301  West  Randolph  St.«  Chicago,  111.         71  Pearl  St.«  Boston,  Mass. 

34  Fremont  St.,  San  Francisco,  Gal. 
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THIS  BOOK  IS  BUB  OH  THE  LAST  DATE 
STAJiCPEB  BELOW 


AN  INITIAL  FINE  OF  25  CENTS 

Wn_l_  BK  ASSESSED  rOR  FAILURE  TO  ReTURN 
THIS  BOOK  ON  THE  DATE  DUEL,  THE  PENALTY 
WILL  INCREASE  TO  BO  CENTS  ON  THE  FOURTH 
DAY  AND  TO  $t.OO  ON  THE  SEVENTH  DAY 
OVERDUE* 
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